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Sir  :  I  have  tlie  honor  to  transmit  herewith  an  Abstract  of  a  Report 
on  Solar  and  Terrestrial  Magnetism  in  Their  Relations  to  Meteorology, 
by  Prof.  Frank  H.  Bigelow,  of  the  Weather  Bureau,  and  recommend 
that  it  be  published  as  a  bulletin  of  the  Weather  Bureau. 

Professor  Bigelow  has,  during  the  past  six  years,  devoted  much  time 
to  the  study  of  the  fundamental  principles  of  this  important  subject, 
and  considerable  discussion  has  ensued  among  scientific  people  in 
regard  to  the  hypotheses  assumed  by  him.  He  is  of  the  opinion  that 
the  atmospheric  conditions  which  culminate  in  the  storms  traversing 
the  United  States  are  in  part  dependent  upon  the  solar  energy  that 
reaches  the  earth  in  the  form  of  magnetic  force;  that  there  are  syn¬ 
chronous  fluctuations  in  the  pressures  and  temperatures  of  the  north¬ 
western  regions  of  the  American  continent  in  the  neighborhood  of  the 
magnetic  pole  and  the  auroral  belt;  that  a  train  of  storms,  “highs” 
and  “lows,”  advance  from  that  quarter  eastward  in  well-defined  tracks; 
that  the  position  of  the  tracks  and  the  intensity  of  the  storms  change 
along  with  the  strength  of  the  solar  magnetic  field;  that  there  are 
many  other  forces  at  work  to  produce  storms,  such  as  the  general  cir¬ 
culation  of  the  atmosphere  and  the  local  convection  of  heat  and  aqueous 
vapor,  but  that  among  them  all  must  be  included  the  magnetic  forces 
in  order  to  obtain  a  correct  understanding  of  the  mechanism  of  cyclones 
and  anticyclones. 

It  is  my  opinion  that  at  this  stage  of  the  investigation  the  sequence 
of  cause  and  effect  is  not  shown  with  sufficient  definiteness  to  justify 
the  weather  forecaster  in  attempting,  with  our  present  knowledge  of 
solar  and  terrestrial  magnetism,  to  apply  these  theories  to  the  making 
of  forecasts  and  warnings  of  marked  atmospheric  disturbances.  How¬ 
ever,  it  is  believed  that  the  paper  which  Professor  Bigelow  presents 
will  so  stimulate  thought  and  discussion  as  to  result  in  further  addi¬ 
tions  to  the  knowledge  of  magnetic  science. 

Very  respectfully, 

Willis  L.  Moore,  Ch  ief  of  Bureau. 

Authorized  : 

James  Wilson,  Secretary  of  Agriculture. 
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PREFACE. 


A  remarkable  feature  of  the  bistory  of  terrestrial  magnetism  and 
also  of  meteorology  is  the  fact  that,  in  spite  of  many  discussions  of  an 
enormous  mass  of  observations,  progress  toward  correlating  them  in 
general  scientific  laws  has  been  very  slow,  the  results  in  the  main 
being  unsatisfactory.  The  researches  which  I  have  conducted  in  these 
subjects  have  persuaded  me  that  this  has  been  largely  due  to  erroneous 
points  of  view  in  two  particulars.  The  first  depends  upon  a  premature 
rejection  of  the  direct  magnetic  action  of  the  sun  upon  the  earth,  as  a 
working  hypothesis;  the  second  upon  a  too  rigid  application  of  the 
theory  of  the  general  circulation  of  the  atmosphere  over  a  hemisphere 
to  the  local  cyclone  in  midlatitude  zones.  The  authority  given  to  these 
positions  by  their  distinguished  authors  and  advocates  rendered  it  diffi¬ 
cult  to  construct  quite  different  plans  of  procedure,  but  it  is  believed 
to  have  been  essential  to  do  so  in  order  to  secure  important  advance¬ 
ment  in  these  branches  of  science. 

The  exposition  of  these  views  embraces  a  series  of  papers  arranged 
in  parts. 

I.  Remarks  on  practical  forecasting,  which  are  embodied  in  Bulletin' 
No.  20,  United  States  Weather  Bureau,  entitled  Storms,  Storm  Tracks, 
and  Weather  Forecasting,  1897,  wherein  the  plan  of  the  research  is 
outlined  in  general  terms. 

II.  Specific  arguments  and  data  in  support  of  the  doctrine  of  the 
direct  magnetic  action  of  the  sun  are  contained  in  this  Bulletin,  No.  21, 
Abstract  of  a  Report  on  Solar  and  Terrestrial  Magnetism,  together 
with  their  Relations  to  Meteorology,  1897. 

III.  Specific  arguments  and  data  in  favor  of  the  view  that  the  funda¬ 
mental  equations  of  the  general  and  the  local  cyclones  are  not  strictly 
identical  will  be  given  in  a  paper,  now  in  preparation,  on  the  Circula¬ 
tion  of  the  Atmosphere  over  the  North  American  Continent. 
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Chapter  1. 


HISTORICAL  INTRODUCTION.  METHOD  OF  COMPUTING  THE  TER¬ 
RESTRIAL  MAGNETIC  DEFLECTING  VECTOR  SYSTEMS. 

That  there  is  a  causal  connection  between  the  observed  variations  in 
the  forces  of  the  sun,  the  terrestrial  magnetic  held,  and  the  meteoro¬ 
logical  elements  has  been  the  conclusion  of  every  research  into  this 
subject  for  the  past  fifty  years.  The  elucidation  of  exactly  what  the 
connection  is  and  the  scientific  proof  of  it  is  to  be  classed  among  the 
most  difficult  problems  presented  in  terrestrial  physics.  The  evidence 
adduced  in  favor  of  this  conclusion  is  on  the  whole  of  a  cumulative 
kind,  since  the  direct  sequence  of  cause  and  effect  is  so  far  masked  in 
the  complex  interaction  of  the  many  delicate  forces  in  operation  as  to 
render  its  immediate  measurement  quite  impossible  in  the  present  state 
of  science.  Before  attempting  to  abstract  the  results  of  this  research 
on  these  points  a  brief  resume  of  the  views  held  by  the  leading  inves¬ 
tigators  will  be  given,  especially  with  the  object  of  presenting  the  status 
of  the  problem  to  those  who  are  not  fully  acquainted  with  this  line  of 
scientific  literature.  The  bibliography  is  large — covers  a  century — and 
embraces  such  names  as  Humboldt,  Gauss,  Sabine,  Lamont,  Faraday, 
Wolf,  Ellis,  Broun,  Hornstein,  Stewart,  Schuster,  Capello,  Meldrum, 
Airy,  Walker,  van  Bebber,  Lemstrbm,  Fritz,  Loomis,  Kelvin,  and  many 
others. 

CITATION  OF  OPINIONS  AS  TO  THE  CONNECTION  BETWEEN  CERTAIN 
SOLAR  AND  TERRESTRIAL  PHENOMENA. 

Walker  expresses  his  conclusion  regarding  the  main  point  as  follows, 
page  103 : 1 

The  almost  exact  coincidence,  so  far  as  hitherto  observed,  between  the  periods  and 
turning  poin  ts  of  three  classes  of  phenomena  at  first  sight  so  widely  different,  as  the 
magnetic  disturbances ,  the  diurnal  range,  and  the  frequency  of  solar  spots,  can,  I  think, 
leave  no  reasonable  doubt  that  this  coincidence  is  causal,  and  not  accidental.  This 
fact,  as’ Humboldt  remarks,  gives  a  very  high  cosmical  interest  to  the  study  of  ter¬ 
restrial  magnetism. 

Lemstrbm  summarizes  his  own  and  current  opinion  in  this  way, 
page  24 : 2 

We  borrow  from  Loomis  a  graphic  representation  of  the  phenomena,  the  number 
of  auroras  observed  annually,  the  mean  deviation  of  the  magnetic  needle,  and  the 
relative  extent  of  the  solar  spots,  which  shows  perfectly  their  accord  from  1780  to 
1870. 


1  Terrestrial  and  Cosmical  Magnetism,  Adams  prize  essay,  Walker. 

2L,aurore  bordale,  M.  Lemstrom,  1886. 
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The  meteorological  observations  on  which  we  can  make  computations  embrace  a 
period  of  time  too  short  to  enable  us  to  establish  with  certainty  the  laws  which 
regulate  the  changes  of  the  atmosphere.  But  on  comparing  the  observations  of  the 
perturbations  of  the  atmosphere  called  cyclones  or  storms  a  periodicity  is  found 
which  probably  accords  with  the  eleven-year  period  already  mentioned.  Fritz  has 
indicated  in  his  memoirs  three  remarkable  results,  which  we  will  cite : 

“1.  During  the  time  when  the  sun  spots  are  at  their  maximum,  the  rainfall,  snow, 
and  hail  are  more  abundant  than  during  the  time  of  minimum. 

“2.  The  variability  of  the  pressure  of  the  air  changes,  also,  in  parallel  with  the 
great  periods  of  the  aurora  borealis  and  the  sun  spots. 

“3.  Hurricanes  and  violent  movements  in  the  air  are  more  frequent  at  times  of 
maximum  than  at  times  of  minimum  spots,  and  on  the  other  hand  fair  weather  is 
more  abundant  in  the  latter  case  than  in  the  former.” 

It  is  evident  that  if  there  is  a  close  relation  among  these  phenomena,  it  ought  to 
be  shown  also  in  the  quality  of  the  harvests.  (Compare  Lemstronfs  paper  read  at 
the  Chicago  Congress,  1893).  We  are  then  entirely  in  agreement  with  the  general 
result  of  Fritz,  that  there  is  certainly  a  relation  between  the  variability  of  the  sun 
spots,  the  magnetic  declination,  and  the  number  of  the  auroras ;  also,  that  similar 
relations  with  the  meteorological  phenomena  are  very  probable. 

W.  J.  van  Bebber  investigates  carefully  the  meteorological  side  of 
the  question  with  the  following  conclusion,  page  258, 1  which  is  also 
quoted  by  Sprung  in  his  meteorology,  page  366 :2 

It  appears  tons  undoubted  that  relations  exist  between  the  sun  spots  and  meteor¬ 
ological  phenomena,  which  if  their  characteristics  and  amount  were  known  could 
be  sometimes  employed  with  success  in  our  forecasts  of  the  weather.  It  is  probable 
that  the  periodic  changes  in  the  atmosphere  are  not  brought  about  directly  through 
the  sun  spots,  but  that  both  phenomena  are  produced  by  a  common  underlying 
agency  whereby  the  synchronous  variation  in  periods  is  possible. 

He  specifies  such  changes  in  the  atmosphere  along  with  the  sun 
spots,  as  the  temperature  and  pressure,  cyclones  and  winds,  precipita¬ 
tion,  cloudiness,  thunderstorms  and  hail,  and  concludes — 

Therefore  it  is  not  to  be  denied  that  there  is  a  connection  between  sun-spot  fre¬ 
quencies  and  the  changes  in  our  atmosphere,  only  the  periodic  movement  of  the 
weather  phenomena  is  beset  by  so  many  unknown  kinds  of  disturbances  that  it  is 
not  now  possible  to  make  successful  long-range  forecasts  from  them. 

Ebert  introduces  a  section  on  u  Magnetism  as  a  cosmical  force,'7  as 
follows,  page  55 : 3 

We  can  not  directly  point  out  magnetic  action  of  an  extra-terrestrial  source,  but 
we  recognize  in  the  Arariable  state  of  the  body  of  our  earth  undoubtedly  the  play  of 
cosmical  forces.  Especially,  the  so-called  disturbances  in  the  terrestrial  system  of 
the  lines  of  force  can  probably  be  referred  to  the  impressed  action  of  the  external 
heavenly  bodies.  Thus  magnetism  is  a  powerful  cosmical  bond  which  unites  world 
with  world. 

The  most  comprehensive  summary  of  the  experimental  and  specula¬ 
tive  aspects  of  the  problem  up  to  about  fifteen  years  ago  is  to  be  found 
in  the  ninth  edition  of  the  Encyclopedia  Britannica,  article  u  Meteor¬ 
ology,77  by  Balfour  Stewart,  where  the  complexity  pertaining  to  the 


xHandbuch  der  ausiibenden  Witterungskunde,  W.  J.  van  Bebber,  Stuttgart,  1885. 

2Lehrbuch  der  Meteorologie,  A.  Sprung,  Hamburg,  1885. 

3  Magnetische  Kraftfelder,  H.  Ebert,  Leipzig,  1896. 
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entire  subject  is  presented  to  tlie  reader.  In  order  to  concentrate  our 
discussion,  that  article  will  be  chiefly  referred  to  as  containing  gen¬ 
erally  those  views  of  the  subject  which  it  has  been  the  object  of  this 
research  to  improve  upon  as  far  as  possible.  Our  critical  remarks  are 
intended  to  be  directed  against  these  expressions  by  Balfour  Stewart 
specifically  only  in  so  far  as  they  broadly  represent  the  opinions  of 
investigators.  After  reviewing  the  evidence  his  final  summary  is, 
page  181 : 

On  tlie  whole,  we  may  conclude  that  the  meteorological  motions  and  processes  of 
the  earth  are  probably  more  active  at  times  of  maximum  sun  spots  and  that  they 
agree  with  the  mngnetical  phenomena  in  representing  the  sun  as  most  powerful  on 
such  occasions,  although  the  evidence  derived  from  meteorology  is  not  so  conclusive 
as  that  derived  from  magnetism. 

REMARKS  ON  FOUR  WORKING  HYPOTHESES. 

This  is  a  fair,  conservative  estimate  of  the  value  of  the  data  pre¬ 
sented  in  preceding  investigations.  The  problem  now  before  us  is  to 
bring  the  subject  one  stage  nearer  to  demonstration  and  also  to  extract 
a  useful  working  process  that  will  contribute  to  weather  forecasting, 
especially  for  the  United  States.  As  preliminary  remarks  I  make  the 
following  observations:  There  are  four  historical  leading  working 
hypotheses  regarding  the  mode  of  the  physical  connection,  during  the 
synchronous  states  of  the  sun  and  the  earth  referred  to  above,  namely, 
(1)  the  direct  magnetic  action  of  a  solar  field  upon  the  terrestrial  mag¬ 
netic  field;  (2)  assumed  electric  currents  in  the  upper  atmosphere,  due 
to  the  convective  currents  of  circulation;  (3)  Faraday’s  displacement 
currents  of  magnetism,  due  to  the  local  and  general  heating  of  the 
oxygen  of  the  atmosphere;  (4)  the  thermoelectric  currents  in  the  body 
of  the  earth.  It  may  be  presumed  that  future  discussion  will  be  limited 
to  the  first  and  s  cond  views,  namely,  (1)  the  direct  action  of  a  solar 
magnetic  field,  and  (2)  the  indirect  effect  of  the  radiation  of  the  sun 
transmitted  to  the  earth’s  magnetic  field  by  convective  air  currents. 
Whatever  truth  may  attach  to  the  second  view,  the  object  of  this  paper 
is  to  uphold  the  first  view  as  of  primary  importance.  It  is  not,  perhaps, 
possible  now  to  discriminate  accurately  to  what  extent  the  second  view 
expresses  some  of  the  facts  of  nature,  but  it  is  my  judgment  that  the 
first  view  was  prematurely  rejected,  in  consequence  of  two  or  three 
papers  written  on  the  subject,  and  that  the  evidence  in  favor  of  it  lias 
not  been  suitably  considered.  It  is  one  of  the  cases  where  observa¬ 
tional  data  must  outweigh  academic  discussion.  Probably  the  appar¬ 
ent  strength  of  the  second  view  lies  in  the, process  of  exhaustion,  which, 
excluding  the  other  theories,  left  it  standing  alone,  although  it  may 
have,  in  fact,  such  arguments  in  its  favor  as  entitle  it  to  respectful 
consideration. 

Balfour  Stewart’s  careful  summary  of  his  knowledge  of  the  variations 
of  the  terrestrial  magnetic  field  produces  upon  the  mind  of  the  reader 
only  a  hazy  conception  of  the  causes  at  work,  and  shows  that  the  sub- 
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ject  needs  further  analysis  for  its  satisfactory  elucidation.  This  could 
long  ago  have  been  readily  accomplished  by  constructing  the  systems 
of  deflecting  vectors  operating  upon  the  earth’s  field,  as  in  this  paper. 
The  prevailing  method  of  discussing  the  variations  of  the  component 
magnetic  elements  one  at  a  time,  however,  obscured  the  solution.  The 
analysis  in  the  following  chapters  shows  that  these  disturbing  vector 
systems  are  such  as  will  be  produced  if  the  earth,  as  a  permeable  shell, 
is  placed  in  two  magnetic  fields,  with  their  axes  at  right  angles  to  each 
other :  (1)  the  first  axis  parallel  to  the  ecliptic,  and  the  field  causing  the 
diurnal  deflections  of  the  needle,  as  well  as  the  annual  changes  by  its 
movement  in-  latitude  along  with  the  declination  of  the  sun*  (2)  the 
second  field  being  fmrpendicular  to  the  ecliptic,  primarily  static  and 
steady,  but  transmitting  large  and  small  fierturbations,  the  great  defiart- 
ures  from  the  normal  state  of  the  polar  field  causing  the  observed  dis¬ 
turbances  at  the  several  stations.  Having  these  concex>ts  in  mind,  it 
is  easy  to  see  that  many  of  the  x>erxflexities  that  x>ervade  Balfour  Stewart’s 
statement  of  the  case  readily  clear  themselves  up,  though  it  would 
require  more  space  than  is  axqiroxiriate  in  this  abstract  to  review  each 
point  in  detail. 

An  effort  must  be  made  to  counteract  the  a:  guments  that  have  been 
widely  accexited  as  conclusive  against  the  liyx>otliesis  of  the  direct  action 
of  the  sun  as  a  magnet  on  the  earth’s  magnetic  field  and  as  the  true 
source  of  some  of  the  observed  deflections  of  the  needle.  It  seems  to  be 
the  best  course  to  endeavor  to  srvpx>lement  any  arguments  with  such 
positive  x>roof  of  direct  action  in  our  observed  phenomena  as  will  neces¬ 
sarily  carry  along  conviction  of  the  fact  itself.  The  remainder  of  this 
X>aper  afixiarently  contains  such  a  demonstration,  and  therefore  renders 
further  argument  sux>erfluous.  But  first  it  may  be  well  to  examine 
briefly  the  negative  arguments  which  now  stand  in  the  way  of  the 
aecex>tance  of  this  view  as  the  x>roper  explanation  of  some  of  the 
observed  changes  in  the  terrestrial  magnetic  field. 

EXAMINATION  OF  FOUR  ARGUMENTS  USED  AGAINST  THE  HYPOTHESIS 
OF  THE  DIRECT  MAGNETIC  ACTION  OF  THE  SUN. 

1.  Temperaiur e  argument. — It  is  stated  by  Balfour  Stewart  as  follows 
(Enc.  Brit.,  f).  181) : 

We  have  not  advocated  any  direct  magnetic  action  of  the  sun  upon  the  earth, 
because  from  Avhat  we  now  know  of  the  sun  it  appears  to  us  unlikely  that  it  should 
exercise  an  influence  of  this  nature  upon  the  earth,  since  a  body  at  a  high  tempera¬ 
ture  possessing  A  ery  strong  magnetic  properties  is  unknown  to  us. 

It  is  evident  that  the  earth  itself  was  overlooked  in  this  connection. 
According  to  received  geological  evidence,  the  interior  of  the  earth  is 
excessively  hot,  and  yet  a  fiermanent  magnetic  field  of  considerable- 
intensity  is  sustained  by  it,  the  field  apparently  having  its  seat  in  the 
material  which  constitutes  the  earth’s  nucleus.  We  shall  show  later  on 
that  the  lines  of  the  external  fields  in  which  the  earth  is  immersed  are 
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deflected  around  a  large  nucleus,  and  their  configuration  no  doubt  out¬ 
lines  the  extent  of  the  heated  material.  An  ordinary  steel  magnet  is 
merely  an  induced  arrangement  of  molecules  and  does  not  exhibit 
exclusively  all  the  possible  magnetic  states  of  the  matter.  There  is  no 
necessary  inference  to  be  drawn  from  common  magnets,  in  their  rela¬ 
tion  to  temperature  changes,  that  such  primary  bodies  as  the  sun  may 
not  possess  magnetic  force  among  their  potentialities,  even  at  high 
temperatures.  When  the  deflecting  force  of  a  magnet  diminishes  under 
an  increase  of  temperature  of  the  medium  in  which  it  is  immersed  the 
nature  of  the  lines  of  force  in  the  medium,  as  well  as  the  molecular 
structure  within  the  magnet,  are  to  be  considered.  Whenever  physicists 
explain  the  real  nature  of  the  ether  stresses  constituting  a  line  of  mag¬ 
netic  force  we  may  take  the  next  step  in  clearing  up  this  difficulty. 
At  present  we  know  at  least  that  an  increase  of  temperature  dimin¬ 
ishes  the  strength  of  the  magnetic  field;  on  the  other  hand,  that  an 
increase  of  the  strength  of  the  field  diminishes  the  temperature  of  the 
medium.  The  immediate  line  of  argument  followed  in  this  paper  is 
the  simple  fact  that  increase  of  strength  of  the  solar  magnetic  field 
is  accompanied  by  a  lowering  of  the  temperature  of  the  atmosphere, 
and  hence  by  an  increased  tendency  to  build  higli-pressure  areas,  in 
the  convectional  circulation,  especially  in  certain  well-defined  polar 
localities. 

2.  The  diurnal  variations  argument. — In  the  Phil.  Trans.  1863,  p.  503, 
Charles  Chambers,  in  his  paper  “  On  the  nature  of  the  sun’s  magnetic 
action  upon  the  earth,”  argues  from  the  comparison  of  certain  compo¬ 
nent  forces  derived  from  the  sun  as  a  magnet,  with  the  observations  at 
two  stations,  Toronto  and  St.  Helena,  that  the  evidence  is  against  any 
appreciable  direct  action.  (26.27).  It  may  be  pointed  out  in  reply 
that  the  conception  of  the  origin  6f  the  disturbing  forces  employed  in 
that  paper  does  not  apply  to  the  diurnal  variations  at  all ,  because,  as 
will  be  shown,  the  diurnal  vector  system  depends  exclusively  upon  the 
sun’s  electromagnetic  or  sunlight  field,  which  is  a  radial  field  and 
apparently  induces  in  the  ether  an  efficient  polarization,  in  respect  to 
exploring  magnets  on  the  surface  of  the  earth.  Chambers  thought 
that  the  diurnal  variations  of  the  needle  and  the  disturbances  had  the 
same  source;  it  is  our  purpose  to  show  that  they  have  different  sources, 
and  that  the  failure  to  explain  the  diurnal  variation  by  direct  action  of 
the  sun  as  a  magnet  is  really  no  argument  against  such  action  if  it 
shows  itself  as  a  different  vector  system.  Hence  the  logic  of  that 
paper  is  in  fault,  if  the  position  taken  in  this  report  is  correct.  Airy’s 
conjecture  of  a  u  magnetical  ether,”  (same  vol.  Phil.  Trans.,  p.  646,)  is 
much  nearer  the  mark.  Since  Maxwell  and  Hertz  have  given  evidence 
of  the  existence  of  such  an  electromagnetic  field,  the  burden  of  proof 
is  precisely  the  other  way.  We  should  expect  to  find  marks  of  the 
action  of  this  radiant  magnetic  field  on  the  normal  magnetic  field  of 
the  earth,  and  my  analysis  of  observations  is  wholly  in  accord  with 
10305— No.  21 - 2 
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sucli  possible  effects.  The  diurnal  variations  of  the  needle  are  not  due 
to  the  direct  magnetic  action  of  the  sun  by  means  of  an  ordinary 
curved  polar  field,  but  they  are  the  results  of  the  stresses  of  the  ether, 
polarizations  or  displacements,  caused  by  the  immensely  rapid  electro¬ 
magnetic  vibrations,  whose  magnetic  induction  integrates  into  a  practi¬ 
cally  steady  field,  relatively  to  magnets  of  more  than  atomic  dimensions. 

3.  The  argument  that  this  hypothesis  is  unnecessary. — Balfour  Stewart 
says,  in  Enc.  Brit.,  p.  181 : 

In  fine,  without  presuming  to  deny  the  possibility  of  unknown  influences  of  this 
nature,  it  does  not  appear  to  us  that  the  time  has  arrived  when  we  are  called  upon 
to  resort  to  such  as  necessary  aids  to  the  discovery  of  further  truths. 

This  implies  the  consideration  that  the  ordinary  diurnal  variations 
and  the  disturbances  find  their  explanation  in  the  assumed  electric  cur¬ 
rents  of  the  upper  air,  due  to  the  convectional  currents  of  the  atmos¬ 
pheric  circulation.  We  have  to  remark  that  the  difficulty  which  he 
mentions  in  section  121  of  conceiving  such  a  system  of  currents  as 
would  account  for  the  facts,  is  pushed  to  the  point  of  breaking  down 
this  second  hypothesis  by  the  analysis  of  the  following  chapters.  The 
systems  of  currents  supposed  by  him  in  sections  125  and  132  can  not 
be  made  to  conform  to  the  complicated  requirements  of  the  case.  Con¬ 
sidering  the  great  complexity  of  the  vector  systems,  taken  separately, 
charts  8  to  16,  inclusive,  we  have  only  to  add  that  these  must  be  super¬ 
posed  upon  each  other  and  accounted  for  together  by  the  proposed  sys¬ 
tem  of  electric  currents.  It  will  be  shown  in  the  last  chapter  that  there 
is  yet  another  important  term  to  be  introduced,  namely,  the  periodic 
inversion  of  the  deflecting  forces,  before  the  observed  disturbances  are 
fully  explained.  The  needle  experiences  the  diurnal  deflection  at  any 
given  station  by  the  action  of  the  electromagnetic  vector  system;  this 
changes  with  the  seasons  of  the  year,  because  the  aspect  of  the  earth’s 
field  goes  through  an  annual  period  relatively  to  the  axis  of  the  radi¬ 
antly  polarized  ether;  superposed  upon  this  is  the  polar  magnetic  field, 
bearing  the  normal  variations  from  longitude  to  longitude  on  the  sun; 
likewise  the  great  disturbances  which  widely  deflect  the  needle,  accord¬ 
ing  to  the  usual  laws  of  the  composition  of  forces;  finally,  the  annual 
change  of  the  aspect  of  the  earth’s  field  to  this  polar  magnetic  field 
introduces  a  modification  which  will  be  considered  under  the  subject  of 
inversion  of  type.  Now,  when  we  attempt  to  refer  the  almost  contin¬ 
uous  fluctuations  of  the  polar-magnetic  field,  with  its  minute  interac¬ 
tions  on  the  other  fields,  namely,  the  normal  terrestrial  and  the  solar 
electromagnetic  at  the  several  stations  in  each  hemisphere,  it  may  be 
said  that  anyone  familiar  with  the  facts  will  despair  of  locating  the  elec¬ 
tric  currents  in  the  earth’s  upper  atmosphere,  capable  of  inducing  these 
magnetic  forces,  not  to  speak  of  assigning  suitable  physical  causes  for 
the  currents  themselves. 

This  difficulty  is  greatly  increased  when  we  compare  the  electric  cur¬ 
rents  equivalent  to  the  given  magnetic  vectors,  and  which  may  possibly 
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be  mapped  out,  with  tlie  observed  currents  of  the  meteorological  atmos¬ 
pheric  circulation.  That  some  impulses  derived  from  the  systems  of 
impressed  external  magnetic  forces  should  exist  within  the  earth’s 
atmosphere,  especially  at  the  sensitive  spots,  is  certainly  rational;  long 
continued  and  general  movements  of  the  air  may  correspond  with  the 
permanent  conditions  of  the  solar  field;  but  to  suppose  such  a  vibra¬ 
tory  atmospheric  circulation  as  matches  the  quick  periodic  and  aperi¬ 
odic  changes  observed  in  the  earth’s  magnetic  field  demands,  at  least, 
a  specific  description  of  the  atmospheric  currents  involved  in  the  opera¬ 
tion.  The  more  we  pass  from  vague  general  ideas  about  these  currents 
to  details,  the  less  appears  the  probability  of  the  truth  of  the  second 
hypothesis,  as  the  cause  of  the  phenomenon. 

4.  The  intensity  of  solar  magnetization  argument. — The  note  by  Prof. 
W.  Thomson,  Phil.  Trans.  1863,  p.  515,  has  been  many  times  repeated 
in  substance  in  various  forms,  namely,  that  any  reasonable  magnetiza¬ 
tion  which  can  be  assigned  to  the  sun  is  incompatible  with  the  effects 
observed  in  the  earth’s  magnetic  field,  especially  during  disturbances. 

Formula  for  equatorial  force. 
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The  two  cases  of  the  normal  field  and  the  severe  disturbances  will  be 
shown  in  the  computations  of  chapter  4  to  give,  at  the  earth’s  distance 
from  the  sun,  and  for  the  sun’s  polar  distance  6  =  90°,  Fe  =  0.00035  and 
0.00500  O.  G.  S.,  respectively.  The  magnetization  of  the  sun  by  the 
usual  formula  as  above  is  about  800  and  12,000  O.  G.  S.,  respectively; 
this  is  10,000  and  150,000  times  the  magnetization  of  the  earth;  only  0.6 
and  8.5  times  that  of  saturated,  steel.  The  observations  show  that  usu¬ 
ally  the  magnetization  of  the  sun  is  less  than  that  of  steel,  but  may 
become  ten  times  as  much  in  extreme  disturbances.  Professor  Thom¬ 
son  said  in  the  note  referred  to,  u  the  sun’s  magnetism  would  therefore 
need  to  be  120  times  as  intense  as  the  earth’s  to  produce  a  disturbance 
of  V  in  declination  even  by  a  complete  reversal  in  the  most  favorable 
circumstances.”  The  observational  data  leads  us  to  believe  that  the 
sun  is  continuously  magnetized  about  eighty  times  as  strong  as  this 
specified  amount,  and  therefore  we  conclude  that  this  negative  argu¬ 
ment  is  not  such  as  to  exclude  the  hypothesis  of  direct  action.  The 
upper  limit,  ten  times  that  of  steel,  we  need  not  reject  as  irrational.  It 
may  lead  to  some  revision  of  current  theories  regarding  the  magnetic 
nature  of  solar  material,  but  that  is,  under  the  circumstances,  the  most 
plausible  course  to  pursue. 
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REVIEW  OF  THE  STATUS  OF  THE  EARTH  MAGNETIC  PROBLEM. 

A  brief  review  of  tlie  results  of  several  recent  discussions  of  the  earth’s 
magnetic  potential  may  serve  to  exhibit  more  clearly  the  bearing  that 
this  investigation  has  upon  the  solution  of  the  problem  in  general. 
Gauss  made  an  important  advance  over  his  predecessors  by  applying 
the  harmonic  analysis  to  the  distribution  of  the  earth’s  potential. 
Approximate  reproductions  of  the  normal  terrestrial  magnetic  field 
had  been  made  (1)  by  substituting  hypothetical,  small  magnets  near 
the  earth’s  center  5  (2)  by  the  method  of  distributing  magnetic  material 
on  the  surface ;  (3)  by  the  method  of  displacement,  and  (4)  by  the 
equivalent  electric  currents  circulating  around  the  magnetic  axis. 
These  suppositions  approximated  only  roughly  to  the  observed  values  of 
the  magnetic  forces.  Gauss  assumed  that  the  earth  has  a  magnetic 
potential,  that  it  is  heterogeneous,  wholly  within  the  surface  and, 
carrying  the  solution  to  the  terms  of  the  fourth  order,  found  a  result  in 
better  agreement  with  the  observations.  (Gauss.  Allgemeine  Theorie 
des  Erdmagnetismus,  1838.  )  After  the  lapse  of  thirty  years  Erman  and 
Petersen  availed  themselves  of  the  large  number  of  additional  obser¬ 
vations  which  had  been  made,  and  repeated  the  harmonic  computation 
along  lines  similar  to  that  of  Gauss.  They  hoped  that  a  substantial 
improvement  would  be  possible  by  the  use  of  more  accurate  observa¬ 
tional  data,  and  in  this  they  were  partially  successful.  (Erman  und 
Petersen.  Die  Grundlagen  der  gaussischen  Theorie  und  die  Erscheinun- 
gen  des  Erdmagnetismus  im  Jahre,  1829;  Berlin,  1874.)  The  com¬ 
parison  is  given  in  their  Table  13  between  the  old  and  new  theories, 
but  it  is  clear  that  the  residuals  are  still  too  large  to  be  considered 
satisfactory. 

The  next  advancement  was  made  by  Professor  Schuster  in  his  paper 
on  the  u  Diurnal  variation  of  terrestrial  magnetism”  (Phil.  Trans.  Boy. 
Soc.  London,  1889),  in  which  he  modified  the  theory  that  the  potential 
is  confined  to  the  inside  of  the  earth  and  computed  the  jmtential  of  the 
disturbing  forces  of  the  diurnal  variation  on  two  suppositions,  (1)  that 
it  is  inside,  and  (2)  that  it  is  outside  the  earth.  His  conclusion  is  as 
follows,  page  468: 

The  agreement  seemed  to  me  to  he  sufficiently  good  to  justify  the  conclusion  that 
the  greater  part  of  the  variation  is  due  to  causes  outside  the  earth’s  surface.  *  *  * 

The  results  of  the  calculation  point  not  only  to  an  external  source,  hut  to  an  addi¬ 
tional  internal  source,  standing  in  fixed  relationship  to  the  external  cause.  This 
we  might  have  expected.  A  varying  potential  due  to  external  causes  must  he 
accompanied  hy  currents  induced  in  the  earth’s  hody,  which,  in  turn,  must  affect 
the  magnetic  needle. 

The  author  attributes  this  external  potential  to  electric  currents  in 
the  atmosphere,  made  possible  by  its  being  in  a  peculiarly  u  sensitive 
state.”  I  shall  venture  to  suggest  one  or  two  criticisms  on  this  valuable 
paper:  (1)  Schuster  depends  upon  four  stations — Bombay,  Lisbon, 
Greenwich,  and  St.  Petersburg — for  the  coefficients  of  the  diurnal  varia¬ 
tions,  these  belonging  to  the  midlatitude  belt,  and  having,  by  chance , 
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the  same  distribution  of  the  vertical  component.  But  by  comparing  my 
globe  model  (see  chapter  4)  with  them,  it  is  seen  that  the  total  vectors 
are  quite  differently  disposed  in  the  equatorial  zone  and  entirely  differ¬ 
ent  in  the  polar  zone  from  those  in  the  midlatitude  zone.  In  short, 
Bombay  should  not  be  included  with  the  other  stations  in  the  same 
vector  system.  It  appears,  therefore,  that  his  extrapolation  from  pole 
to  pole,  page  477  et  al.,  was  not  proper,  the  reduction  given  being  true 
for  the  midlatitude  zones,  north  and  south,  and  only  approximately  so 
near  the  equator. 

On  comparing  his  fig.  12,  page  508,  with  the  globe  model,  it  is  per¬ 
ceived  that  we  have  arrived  at  nearly  the  same  distribution  of  the 
vertical  components,  after  translating  the  stream  lines  of  Schuster’s 
current  function  into  equivalent  magnetic  force ;  but  the  vectors  are 
really  very  different,  because  the  horizontal  component  is  lacking  in 
his  diagram.  There  is,  undoubtedly,  an  exceedingly  close  connection 
between  the  diurnal  circulation  of  the  winds  and  this  magnetic  distri- 
,  bution,  as  Schuster  mentions,  in  the  midlatitude  and  also  in  the  polar 
zones.  My  belief  is  that  this  convectional  circulation  of  the  atmosphere 
is  the  cause  of  the  shifting  of  the  magnetic  system  from  a  symmetrical 
distribution  about  the  noon  meridian  into  the  observed  eccentric  posi¬ 
tion.  It  might  plausibly  but  incorrectly  be  interpreted  as  a  lag  angle 
due  to  the  rotation  of  the  earth.  According  to  cloud  observations,  at 
the  10  a.  m.  hour  there  is  formed  a  circulation  like  a  high-pressure 
area,  and  at  G  p.  m.  another  like  a  low-pressure,  the  winds  circulating 
from  the  high  to  the  low  by  two  paths,  the  short  one  from  west  to 
j  east  across  the  noon  meridian,  and  the  second  by  a  longer  path  cross¬ 
ing  the  midnight  meridian.  The  subject  is  interesting  but  difficult, 
and  is  reserved  for  further  examination  in  connection  with  our  cloud 
observations. 

In  order  to  account  for  the  electric  currents,  Schuster  works  out 
another  hypothesis,  namely,  the  theory  of  the  earth  as  a  magnet  rotat¬ 
ing  in  a  medium  of  electric  conductivity,  in  Terrestrial  Magnetism, 
vol.  1,  p.  1,  on  u  Electric  currents  induced  by  rotating  magnets,  and 
their  application  to  some  phenomena  of  terrestrial  magnetism.”  The 
conclusion  is  that  some  evidence  exists  for  the  conductivity  of  the  ether, 
and  if  this  is  the  case  it  is  in  harmony  with  the  observed  phenomena  of 
the  secular  variation  of  the  earth’s  magnetism.  Whatever  truth  may 
finally  be  awarded  to  these  two  working  hypotheses  of  Professor 
Schuster,  it  is  proper  to  state  the  position  assumed  in  this  bulletin  as 
a  substitute  for  them,  especially  as  the  theory  of  electric  currents  in 
the  upper  atmosphere  is  quite  commonly  adopted  as  the  explanation  of 
the  observed  phenomena.  The  actual  facts  can  be  accounted  for  either 
by  an  external  magnetic  field  or  by  an  equivalent  system  of  electric 
currents.  The  variation  of  either  of  these  systems  of  forces  induces 
currents  in  the  earth,  which,  in  turn,  affect  the  position  of  the  needle. 
My  effort  has  been  to  endeavor  to  show  that  this  external  field  has  charac¬ 
teristics  which  are  entirely  incompatible  with  a  field  induced  by  electric 
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currents  whose  seat  is  within  the  earth1  s  atmosphere.  The  phenomena  of 
periodicity  in  solar  periods  and  of  inversion  of  the  typical  curve  semi¬ 
annually  are  regarded  as  evidence  of  this  position.  This  thesis  will  be 
maintained  in  the  following  pages. 

Adolf  Schmidt  has  recently  completed  a  rediscussion  (Neue  Berech- 
nung  des  Erdmagnetisclien  Potentials,  1895)  in  which  distinct  provision 
was  made  in  the  harmonic  analysis  for  (1)  an  inside  potential,  (2)  an 
outside  potential,  and  (3)  for  vertical  earth-air  electric  currents.  His 
conclusion  is  as  follows,  based  upon  the  best  series  of  observations 
available,  and  including  harmonic  terms  of  the  sixth  order: 

Die  empirisch  festgestellte  Verteilung  der  erdmagnetischen  Krafte  in  der  Erdo- 
berfiiichc,  wio  sie  durch  Dr.  Neumayers  Karten  fur  den  Augenblick  1885.0  dargestellt 
wird,  berulit  zwar  vorwiegend  auf  Ursacben,  deren  Sitz  ini  Erdinnern  liegt,  kann 
aber  nickt  ausscbliesslicb  auf  solche  zuriickgefiibrt  werden.  Ein  kleiner  Teil  der 
Kraft  (etwa  1-40  des  gauzen  Betrages)  ist  Ursachen  ausserbalb  der  Erdoberfliicbe 
zuzuscbreiben ;  ein  weiterer,  nocli  etwas  griisserer  Teil  (auf  eine  Fliiche  von  einern 
Quadratkilometer  konimt  daher  durcbscbnittlich  ein  Strom  von  1-6  Ampere)  deutet 
auf  elecktrische  Strom  ungen  bin,  welcbe  diese  Fliiche  durchdringen. 

It  may  be  noted  (1)  that  Professor  Pucker  concludes  his  discussion 
of  the  results  of  the  magnetic  survey  of  Great  Britain  as  follows: 
“  The  local  magnetic  surveys  furnish  no  evidence  of  vertical  electric 
currents  in  the  United  Kingdom”  (Terr.  Mag.,  Yol.  I,  p.  83);  (2)  that 
Dr.  Bauer,  from  summations  of  magnetic  circuits  on  the  earth’s  parallels, 
the  data  being  drawn  from  observations  compiled  into  charts,  finds, 
“apparently,  an  appreciable  part  of  the  earth’s  total  magnetism  can  be 
referred  to  an  effect  similar  to  that  of  vertical  electric  currents.  The 
average  intensity  of  these  currents  for  the  region  between  60°  K.  and 
<30°  S.  would  be  about  one- tenth  of  an  ampere  per  square  kilometer  of 
surface”  (Terr.  Mag.,  Yol.  II,  p.  21);  (3)  furthermore,  Schuster  remarks 
(Terr.  Mag., Yol.  I,  p.  16): 

If  we  could  adopt  Dr.  Schmidt’s  numbers  as  final,  they  would  show  that  the 
outside  magnetic  potential  is  displaced  toward  the  east.  Such  an  effect  might  be 
produced  by  currents  induced  in  a  medium  rotating  more  rapidly  than  the  earth, 
which  might  be  the  case  if  the  upper  currents  of  the  atmosphere  had  a  general  drift 
from  west  to  east.  The  displacement  of  the  outside  potential,  according  to  Dr. 
Schmidt,  is,  however,  greater  than  90°,  which  is  difficult  to  reconcile  with  the 
hypothesis  of  induced  currents  under  any  circumstances. 

Dr.  von  Bezold  attempted  to  analyze  the  earth’s  magnetic  potential 
as  a  sine  distribution  about  the  axis  of  rotation.  (Sitz.-Ber.  Berlin, 
1895,  p.  363.)  Dr.  Schmidt  concludes  his  examination  of  this  question 
of  distribution  relatively  to  the  rotational  and  other  axes:  “Ko  argu¬ 
ment  favorable  to  the  assumption  can  be  drawn  that  the  principal  part 
of  the  terrestrial  magnetic  force  stands  in  any  relation  to  the  rotation 
of  the  earth.”  (Terr.  Mag.,  Yol.  I,  p.  27.) 

Y.  Carlheim-Gyllenskold  makes  the  following  remarks  regarding  the 
origin  of  the  disturbing  forces  in  his  paper  “ L’attraction  magnetique 
de  la  terre,”  1896 : 

Any  complete  theory  of  the  magnetic  attraction  of  the  earth  appears  to  be  possible 
only  on  the  condition  that  the  observed  effects  result  from  a  cause  acting  regularly 
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and  continuously  in  the  same  manner  (p.  29).  In  our  view,  the  phenomenon  of  the 
.secular  variations  of  the  magnetization  of  the  earth  is  a  great  phenomenon  of  electro¬ 
magnetic  induction  operating  in  the  rarefied  layers  of  the  atmosphere,  put  in 
motion  by  the  rotation  of  the  earth  (p.  32).  If  the  relative  movement  of  the  upper 
layers  of  Ihe  atmosphere  is  directed  in  the  opposite  sense  to  the  diurnal  motion,  the 
observed  movements  of  fil  conform  to  the  theory. 

It  is,  however,  a  well-known  meteorological  fact  that  the  relative 
motions  of  the  upper  atmosphere  are  all  eastward  and  not  westward, 
as  required  by  Gyllensk old’s  view. 

In  a  more  recent  paper  (Zur  Theorie  des  Erdmagnetismus,  1897)  von 
Bezold  integrates  through  several  circuits  on  the  surface  of  the  earth  for 
vertical  currents,  and  concludes  that  the  errors  of  observation  are  such 
that  the  material  affords  only  indecisive  results  (p.  5);  that  the  great 
ocean  areas  preclude  observations  to  such  an  extent  as  to  invalidate 
the  application  of  the  method  to  a  circle  of  latitude  (p.  G);  that  when 
applied  to  small,  well- surveyed  circuits  the  departure  of  the  sum  from  0 
is  well  within  the  limits  of  error  of  observation,  being  about  1  per 
cent  (pp.  8,9);  but  that  further  extension  of  the  theorem  to  small 
areas  is  to  be  encouraged.  Regarding  the  Schuster  horizontal  currents, 
von  Bezold  finds  some  resemblance  between  the  magnetic  and  the 
meteorological  diurnal  variations,  but  sees  a  difficulty  in  the  fact  that 
Schuster’s  currents  require  one  cyclone  and  one  anticyclone  in  each 
hemisphere,  while  the  conditions  of  solar  radiation  would  give  only  one 
of  each  kind  for  the  northern  and  the  southern  hemispheres  combined. 

Quite  recently  (1897)  Dr.  II.  Fritsche  has  recomputed  the  Gaussian 
Constants  to  terms  of  the  sixth  order,  depending  upon  the  Neumayer 
Charts,  1885.0,  beyond  which  development  it  is  shown  to  be  analytically 
disadvantageous  to  go.  The  outcome  is  a  decided  improvement  in  the 
representation  of  the  distribution  of  the  earth’s  magnetism  for  that 
epoch,  but  the  question  of  the  causes  of  the  variations  and  the  disturb¬ 
ances  is  not  considered. 

This  brief  summary  of  the  latest  investigations  of  the  causes  of  the 
disturbances  of  the  needle  indicates  that  while  the  theory  of  atmos¬ 
pheric  electric  currents  is  the  favorite  one,  yet  the  effort  to  employ  it 
leads  to  uncertain  and  even  contradictory  conclusions.  Having  thus 
reviewed  the  status  of  the  problem,  we  proceed  to  an  exposition  of  the 
arguments  in  favor  of  the  alternate  hypothesis  of  the  earth  immersed 
in  two  external  solar  magnetic  fields. 

GENERAL  NATURE  OF  THE  PROBLEM. 

In  the  papers1  already  published  such  considerations  and  conclusions 
have  been  reported  regarding  this  solar-terrestrial  problem  as  seemed 
justified  by  the  developments  secured.  While  indicating  progress  in 

1  Amer.  Journ.  Sci.,  Nov.,  1890;  July,  1891;  Sept.,  1891;  Dec.,  1894;  Aug.,  1895. 
Astron.  and  Astro.  Phys.,  Feb.,  1893;  Oct.,  1893;  Nov.,  1893;  Jan.,  1894.  Astr.  Soc. 
Pae.,  No.  14,  1891;  No.  16,  1891.  Amer.  Metl.  Journ.,  Jan.,  1892;  Sept.,  1893;  Jan., 
1894;  Jan.,  1895.  Smithsonian  Instil.  Monograph,  Oct.,  1889.  Weather  Bureau  Bul¬ 
letins,  No.  2,  1892;  No.  20,  1896.  Science,  Oct.  18,  1895;  July  17,  1896. 
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the  research,  they  were  lacking  in  completeness  for  two  reasons:  First, 
because  the  bulkiness  of  the  details  of  computation  precluded  a  suffi¬ 
cient  reproduction  of  the  data  upon  which  conclusions  were  based  to 
satisfy  the  reader;  and  second,  because  the  statements  of  subordinate 
parts  could  not  be  made  in  reference  to  the  general  result,  since  the 
final  solution  of  the  problem  had  not  yet  been  attained.  The  difficulty 
of  presenting  the  computation  remains,  but  an  effort  will  be  made  to  fur¬ 
nish  such  specimens  of  it  as  will  permit  an  accurate  inference  regarding 
the  character  of  the  data,  especially  in  the  critical  parts  of  the  work. 
This  particularly  applies  to  the  period  of  the  solar  rotation,  the  discus¬ 
sion  of  the  normal  solar  curve,  the  law  of  the  inversion  of  the  same, 
and  origin  of  the  great  magnetic  disturbances.  It  is  likewise  believed 
that  a  clear  conception  of  the  general  problem  in  relation  to  its  parts 
has  been  secured,  so  that  the  descriptions  will  be  now  more  definite. 
The  discovery  of  the  phenomenon  of  inversion  of  the  solar  curve  threw 
the  research  into  confusion,  and  as  long  as  a  rational  explanation  of  it 
was  wanting,  progress  was  naturally  much  impeded.  This  difficulty 
has,  however,  yielded  and  disclosed  a  law  in  harmony  with  the  ante¬ 
cedent  analysis,  such  that  it  not  only  confirms  previous  results,  but 
furnishes  a  delicate  test  of  the  fact  of  the  direct  action  of  the  sun  as  a 
magnet  upon  the  earth. 

The  greatest  obstacle  in  the  way  of  conducting  this  research  to  a  con¬ 
clusion  consists  in  the  looseness  that  pervades  the  entire  series  of  solar 
and  terrestrial  observations.  This  is  not  due  to  the  instrumental  inac¬ 
curacies,  but  inheres  in  the  nature  of  the  physical  forces  to  be  meas¬ 
ured.  The  great  distance  of  the  earth  from  the  sun  of  course  reduces 
the  magnetic  force  to  a  very  small  quantity;  the  variability  of  the  solar 
output,  including  small  abnormalities  and  great  perturbations,  serves 
to  mask  its  normal  field;  the  interaction  of  two  magnetic  fields,  having 
regard  to  the  aspects  of  the  sun  and  the  earth  in  their  orbital  revolu¬ 
tion,  introduces  a  curious  system  of  effects  on  the  instruments  at  our 
stations;  the  measurement  of  the  transformed  magnetic  energy  con¬ 
tained  in  the  meteorological  elements  is  seriously  impeded  by  the  strong 
convectional  currents  of  the  ordinary  circulation  of  the  atmosphere.  In 
laying  out  the  policy  to  be  pursued  in  conducting  the  investigation  it 
was  decided  to  rely  upon  a  very  large  exhibit  of  observations  rather 
than  upon  any  theory  regarding  them,  and  accordingly  the  entire  mass 
of  magnetic  and  meteorological  data  available  has  been  examined  for 
this  purpose  It  has  now  become  easy  to  perceive  continuous  symp¬ 
toms  of  the  action  of  the  solar  forces  after  having  ascertained  the  laws 
that  govern  them,  but  a  full  verification  of  the  work  by  others  will 
involve  an  extensive  use  of  the  same  observations. 

In  order  to  facilitate  the  description  of  the  solution  of  the  problem, 
a  free  allusion  will  be  made  to  the  following  conclusions,  which  form  the 
main  features  in  the  solar- terrestrial  problem: 

1.  The  sun  emits  two  magnetic  fields  of  force: 

(1)  The  electro -magnetic,  in  radial  vibrations. 
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(2)  Tbe  polar,  in  curved  lines  of  convergence. 

2.  These  fields  are  each  distorted  in  the  neighborhood  of  the  earth, 
as  if  it  were  a  shell  of  permeable  material,  one-fifth  the  radius  in  thick¬ 
ness,  placed  in  the  paths  of  the  undisturbed  lines. 

3.  The  force  of  the  normal  polar  field  of  the  sun  is  at  the  distance  of 
the  earth  represented  by  a  periodic  curve,  the  synodic  period  being 
2G.68  days. 

4.  This  normal  type  curve  undergoes  inversion  in  a  semiannual 
period,  and  is  a  simple  effect  within  the  terrestrial  magnetic  field,  due 
to  the  orbital  aspects  of  the  earth  and  the  sun,  as  regards  their  mag¬ 
netic  lines. 

5.  The  same  typical  normal  curve  exists  in  the  atmospheric  pressures 
and  temperatures,  especially  of  the  west  Canadian  Provinces,  together 
with  the  synchronous  inversion. 

6.  The  effect  upon  the  general  circulation  of  the  currents  of  air  is  to 
facilitate  the  formation  of  highs  and  lows  in  a  sequence  prompted  by 
the  solar  magnetic  forces. 

7.  This  leads  to  a  theory  of  atmospheric  circulation  differing  consid¬ 
erably  from  FerrePs  and  from  Hann’s  well-known  views,  but  embodying 
the  important  facts  of  each,  together  with  certain  additional  features. 

SUMMARY  OF  THE  RESULTS  OF  PREVIOUS  RESEARCHES. 

Current  scientific  opinion  regarding  the  reach  of  the  sun’s  magnetic 
field,  if  it  exists,  into  space  so  far  as  to  embrace  the  earth  has  unfortu¬ 
nately  been  molded  into  an  attitude  on  the  whole  unfavorable  to 
accepting  the  view  just  outlined.  This  impression,  however,  may  prop¬ 
erly  be  revised,  in  view  of  the  great  progress  that  has  been  made 
toward  a  fair  understanding  of  the  properties  of  the  interstellar 
medium.  Electromagnetic  radiation  requires  an  ether  of  enormous 
intrinsic  potential  power,  and  cosmical  space  is  no  longer  to  be  con¬ 
ceived  as  filled  with  a  thin  or  vacuous  substance;  matter  is  the  prod¬ 
uct  of  the  ether,  rather  than  indifferent  to  it;  to  supplement  these 
views,  a  polar  system  of  magnetic  force  should  now  be  added,  having 
the  sun  as  its  seat  of  magnetization.  Polarization,  displacement,  charge, 
number  of  lines  of  force  per  unit  volume,  are  varying  expressions  for 
one  fundamental  property.  The  static  and  dynamic  states  have  less 
need  to  stand  over  against  each  other  as  distinct  ideas,  just  as  poten¬ 
tial  and  kinetic  energy  show  a  decided  tendency  to  be  merged  into  one; 
it  is  quite  probable  that  dynamic  concepts  will  finally  absorb  the  static 
and  potential,  as  merely  limiting  cases  in  the  analysis.  If  it  is  proven 
that  the  sun  sustains  static  polar  magnetic  lines,  which  are  traversed 
by  occasional  transient,  variable,  currents,  as  well  as  the  radiating  shells 
of  electro  magnetic  energy,  to  the  distance  of  the  earth,  then  this  must 
be  an  important  factor  in  the  final  solution  of  the  problems  of  the  ether, 
and  the  nature  of  electricity  and  magnetism. 

More  especially,  the  objections  to  making  the  sun  the  seat  of  a  field 
of  polar  magnetic  force  have  been  threefold,  as  stated  above.  (1)  “If 
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the  sun  were  a  saturated  steel  magnet,  end  on  to  the  earth  and  then 
reversed,  the  needle  would  be  deflected  only  107  in  arc.”  The  substance 
of  this  argument  has  been  repeated  in  many  forms  during  the  past 
fifty  years.  Admitting  its  truth,  it  does  not  exclude  smaller  deflections 
in  the  earth’s  magnetic  field  from  being  referred  to  such  solar  action. 
The  indications  are  that  certain  variations  of  the  needle  depend  upon  a 
solar  field,  sustained  by  a  magnetization  usually  less  than  saturated 
steel,  and  rising  above  it  only  temporarily,  in  great  disturbances.  (2) 
“Since  an  induced  steel  magnet  loses  its  magnetization  on  increasing 
the  temperature  above  a  certain  degree,  the  high  temperature  of  the 
sun  renders  its  own  magnetization  improbable.”  This  argument  pro¬ 
ceeds  on  the  assumption  of  an  extrapolation  of  certain  physical  prop¬ 
erties  of  matter,  but  it  may  or  may  not  be  true.  It  is  offset  by  two 
leading  facts:  First,  the  earth  is  at  high  temperatures  in  the  interior, 
far  above  the  critical  temperature  of  the  steel  in  question,  and  yet  it 
sustains  a  permanent  magnetic  field,  so  that  a  steel  magnet  is  not  the 
true  analogue  to  the  sun,  but  rather  the  earth  itself.  Second,  a  careful 
discussion  of  the  curvatures  of  the  lines  visible  at  eclipses  within  the 
solar  corona,  shows  that  the  system  can  be  well  accounted  for  by  refer¬ 
ring  it  to  the  equation  of  the  lines  of  force  surrounding  a  spherical 
magnet,  the  lines  being  seen  in  projection.  (3)  “The  amount  of  work 
done  in  sending  out  the  magnetic  waves  observed  in  great  disturbance^ 
can  not  conceivably  be  attributed  to  any  dynamical  action  within  the 
sun.”  But  if  it  is  shown  that  certain  moderate  variations  of  the  earth’s 
field  do  come  from  external  sources,  by  inference  the  sun,  then  in  the 
account  of  the  unusual  disturbances,  two  courses  are  open :  (1)  By  the 
discussion  of  the  deflecting  forces  to  prove  that  the  energy  does  come 
from  outside  the  earth,  in  accordance  with  which  result  the  physical 
laws  must  be  interpreted;  (2)  or  else  from  the  inside,  in  which  case  the 
causes  of  the  perturbation  of  the  earth’s  permanent  magnetism  must 
be  investigated.  The  physical  properties  of  the  interior  of  the  sun  or 
the  earth,  as  the  case  may  be,  can  be  studied  as  the  results  depending 
upon  these  deflecting  forces  indicate,  but  the  whole  subject  being  a 
mere  question  of  fact,  no  hypothesis  should  form  a  barrier  to  an  impar¬ 
tial  investigation  of  the  forces  themselves,  and  all  the  consequences 
flowing  from  them.  It  may  be  concluded  that  it  is  “a  perfectly  proper 
object  for  investigation  to  find  whether  there  is,  or  is  not,  any  disturb¬ 
ance  of  terrestrial  magnetism,  such  as  might  be  produced  by  a  [con¬ 
stant]  magnet  in  the  sun’s  place.”  (Kelvin,  Xature,  Yol.  XL VII,  p.  108.) 

The  positive  testimony  in  favor  of  the  direct  magnetic  action  of  the 
sun  upon  the  earth  is  abundant,  and  on  the  whole  powerful.  It  is  sum¬ 
marized  as  follows :  (1)  The  inclination  and  the  intensity  of  the  earth’s 
magnetic  field  in  all  latitudes  increases  as  the  earth  approaches  the 
sun  in  its  orbit;  (2)  all  the  magnetic  elements  undergo  variation  in 
the  period  of  the  solar  rotation;  (3)  all  the  magnetic  elements  pass 
through  secular  variations  in  the  11-year  period,  synchronously  with 
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the  frequency  of  the  sun  spots,  prominences,  faculm,  and  coronal  exten¬ 
sion  ;  (4)  the  aurora,  the  earth  currents,  the  atmospheric  temperatures, 
pressures,  the  rainfall,  the  latitude  of  the  mean  storm  tracks,  the 
velocity  of  the  eastward  drift,  sutler  changes  synchronous  with  the 
annual  x>eriod,  the  solar  rotation  period,  and  the  11  year  period; 
(5)  the  immediate  connection  between  individual  sun  spots  and  ter¬ 
restrial  magnetic  and  atmospheric  storms  has  not  been  clearly  demon¬ 
strated,  but  there  are  several  observations  showing  that  abnormal 
agitations  affect  the  sun  and  the  earth  as  a  whole  and  at  the  same  time. 

METHOD  OF  COMPUTING  THE  MAGNETIC  OBSERVATIONS. 

The  study  of  the  magnetic  observations  themselves  involves  the 
disentangling  of  the  several  periods,  diurnal,  solar  rotation,  annual, 
and  11-year.  The  first  point  to  settle  is  the  determination  of  what  is 
to  be  taken  as  the  earth’s  normal  field,  added  to  which  the  variations 
impressed  at  any  given  instant  produce  the  actual  field  as  observed. 
This  involves  the  question  of  quiet  days  and  large  disturbances,  in  form¬ 
ing  the  monthly  and  annual  means.  My  conclusion  is  as  follows:  (1) 
the  so-called  “quiet”  day  means  merely  that  the  trace  is  smooth — that 
is  to  say,  not  broken  up  with  rough  oscillations  having  wide  amplitudes, 
but  yet  balanced  on  either  side  of  a  mean.  This,  however,  is  no  crite¬ 
rion  in  itself  whether  the  trace  of  a  quiet  day  lies  on  the  true  secular 
normal  of  the  element  or  not,  and  it  is  easy  to  see  by  inspection  of  the 
curves  observed  from  day  to  day  that  a  quiet  trace  is  often  depressed 
or  elevated  as  a  whole,  relatively  to  the  base  line,  compared  with  neigh¬ 
boring  days,  throughout  its  24-liour  extent.  This  swaying  up  and 
down  of  quiet  traces  throughout  many  millimeters  seems  to  be  fatal 
to  the  jiractice  of  taking  the  mean  of  quiet  days  by  themselves  as 
the  true  normal,  inasmuch  as  many  days  of  moderate  oscillation  are 
thus  without  reason  excluded  from  the  series  of  days  upon  which  the 
mean  depends.  On  the  other  hand  the  case  is  very  different  with  the 
great  disturbances,  because  these  are  not  well  balanced,  but  almost 
always  show  a  large  distortion,  on  one  side  of  the  mean  of  the  element. 
Thus  in  the  horizontal  force  the  disturbances  of  pronounced  type  almost 
invariably  diminish  the  absolute  value  of  it  for  the  24-hour  means. 
Hence,  to  include  them  in  the  normal  would  b^e  to  depress  it  to  such 
an  extent  as  to  shift  the  mean  on  one  side  of  its  true  position,  and 
thus  introduce  a  constant  error  into  the  system  of  deflecting  forces. 
A  comparatively  wide  oscillation  of  the  component  of  the  horizontal 
deflecting  force  a  amounts  to  about  0.000250  G.  G.  S.,  and  this  may  occur 
without  any  unusual  perturbation  of  the  field.  It  is,  on  the  other  hand, 
equally  erroneous  to  omit  these  disturbed  days  entirely  from  the  mean, 
and  I  have  compromised  the  matter  by  counting  every  disturbance 
above  the  limit  just  indicated  as  that  value  itself.  Thus  — 0.000G45 
would  be  summed  in  the  means  as  —0.000250.  This  is  arbitrary,  but 
it  certainly  saves  an  unnecessary  distortion  of  the  normal  field.  Hence 
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tlie  rule  becomes:  u Diminish  all  disturbances  to  the  limit  0.000250 and 
then  take  the  mean  of  all  the  days  of  the  month,  this  mean  being  the 
value  of  the  normal  field  for  the  fifteenth  day  of  the  month ;  interpo¬ 
late  proportionally  between  the  fifteenth  days  of  successive  months  for 
the  values  of  the  normal  on  the  several  intermediate  days  ;  subtract  the 
normal  value  for  the  day  thus  obtained  from  the  observed  value  of 
the  day,  and  the  difference  is  the  rectangular  component  in  that  ele¬ 
ment,  horizontal  force,  declination,  or  vertical  force  (AH,  aD,aY), 
of  the  detiecting  vector ;  reduce  the  number  thus  obtained  to  equiva¬ 
lent  O.  G.  S.,  units  (dx,  dy,  dz),  and  transform  the  same  to  the  polar 
coordinates  of  the  vector  (o',  s,  fi)-,  this  is  the  vector  of  the  deflect¬ 
ing  force,  impressed  for  the  twenty  four  hours  upon  the  normal  field  at 
the  station,  to  produce  the  observed  force:  s  is  the  total  vector  acting 
in  a  plane  having  the  azimuth  /^,  counted  N.  W.  S.  E.  from  the  magnetic 
meridian  of  the  station ;  the  vector  is  inclined  at  the  angle  a  to  the  hori¬ 
zontal  plane,  and  it  is  taken  positive  below  o',  which  is  the  component 
of  s  on  the  horizontal  plane.”  In  case  the  deflecting  vector  is  required 
for  a  certain  hour  within  the  twenty-four  hours  composing  the  given 
day,  the  mean  diurnal  variation  for  that  hour  must  be  added  to  the 
interpolated  normal  mean,  and  this  value  for  the  hour  is  to  be  sub¬ 
tracted  from  the  observed  value  to  obtain  the  component  of  the  element 
at  that  hour.  In  discussing  disturbances  it  is  necessary  to  take  this 
step  carefully,  and  not  to  omit  it  from  the  computation.  In  the  course 
of  the  computations  for  the  years  1878-1893,  inclusive,  I  reduced  105 
dates  from  some  larger  number  to  0.000250  O.  G.  S. ;  half  of  them  were 
small  changes  and  the  remainder  large,  thus  making  important  changes 
in  about  one  per  cent  of  the  dates.  This  method  therefore  makes  use 
of  all  the  given  observations,  except  the  extreme  disturbances,  in 
obtaining  the  mean  value  for  the  fifteenth  day  of  each  month,  thus 
locating  twelve  points  on  the  secular  curve  for  the  year,  and  assuming 
that  the  secular  variations  in  the  terrestrial  elements  progress  uniformly 
from  point  to  point.  The  method  works  well  practically,  and  it  seems 
to  reduce  the  necessary  assumptions  to  a  minimum  (Compare  Bulletin 
No.  2,  U.  S.  Weather  Bureau,  1892,  for  details). 

The  vector  systems  of  deflecting  forces  obtained  in  this  way  from  the 
available  published  reports  of  magnetic  observations,  covering  the 
years  1841  to  1895,  inclusive,  have  been  made  the  basis  of  the  investi¬ 
gation.  The  labor  consisted  in  making  these  simple  transformations, 
but  it  is  seen  that  no  theoretical  bias  of  any  kind  has  been  imposed 
upon  the  actual  facts.  The  inferences  obtained  grow  naturally  out  of 
the  resulting  systems  of  vectors  of  deflecting  forces,  after  they  are 
marshaled  in  array  as  determined  by  observations.  For  the  greater 
part,  this  bulletin  will  be  concerned  with  the  vectors  depending  upon 
the  24-hour  means,  from  which  is  to  be  derived  the  period  of  solar  rota¬ 
tion  and  the  characteristics  of  the  solar  magnetic  field.  This  24  hour 
vector  system  is  evidently  secured  by  confining  the  computation  to  the 
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columns  “mean  of  24  hours.”  If  the  hourly  vectors  are  required,  the 
work  is  limited  to  the  “hourly  means”  for  each  month;  if  the  hourly 
vectors  for  large  disturbances  are  wanted,  the  two  systems  must  be 
combined  as  mentioned  above.  All  three  of  these  processes  have  been 
executed  with  interesting  results  which  it  is  proposed  to  enumerate, 
though  the  first  will  cover  more  ground  than  the  others. 


DIFFICULTY  OF  FINDING  TIIE  ROTATION  PERIOD  OF  THE  SUN. 


Many  attempts  to  find  the  true  period  of  the  solar  rotation  have 
been  made  by  others,  the  investigations  covering  a  half  century,  but 
the  outcome  is  exceedingly  unsatisfactory  as  regards  a  definite  result. 
The  attack  has  been  made  along  three  lines:  (1)  the  rotation  period  of 
the  sun  spots,  (2)  the  periodic  variation  of  the  terrestrial  magnetic  and 
meteorological  elements,  (3)  the  displacement  of  the  lines  in  the  solar 
spectrum.  The  outcome  shows  that  the  constituents  of  the  sun  have 
periods  of  rotation  differing  both  in  latitude  and  altitude,  indicating 
some  type  of  circulation  not  wholly  unlike  that  of  the  currents  in  the 
earth’s  atmosphere.  The  law  of  the  rotational  periods  in  the  several 
latitudes  is  quite  easily  and  accurately  determined  where  spots  are 
visible,  but  the  laws  of  extrapolation  to  latitudes  outside  the  spot  belts 
are  not  in  agreement  for  the  different  authors. 


Table  I. — Siderial  and  synodic  periods  of  the  rotation  of  the  sun. 


[Compiled  from  Repertorium  der  Physik,  p.  026,  1886,  .and  other  sources.] 


Author. 

From — 

Siderial. 

Synodic. 

Pave  _ _ ...... 

Carrington’s  observations . . 

25. 18 

27.  05 

Sporer  .  - 

Spdrer’s  . . . . . . 

24.  55 

26.  32 

Broun . . 

Makerstown,  1844-45 . 

24.  20 

25.  92 

Do  ., 

Greenwich,  1850-51-68— 70  . . . 

24. 15 

25.  86 

Hornstein . 

24.  87 

1  26. 69 

Do . 

'  Wien,  1870  . . . 

24.  61 

26.  39 

Do  . 

j  Inclination,  Vienna,  1870  . . . . . . . . 

24.  30 

26.  03 

Do 

St.  Petersburg,  1870 . 

24.  48 

26.  24 

Liznar 

j  E.  disturbances,  Vienna,  1882-3  . . 

24.  32 

26.  05 

Do... 

W.  disturbances,  Vienna,  1882-3  . . . . 

24.  24 

25.  96 

Muller . 

|  All  disturbances,  Pawlowsk,  1882-3 . 

24.  03 

25.  66 

Do  . 

Horizontal  intensity  . 

24.  09 

25.  79 

Do . 

Vertical  intensity . 

24. 15 

25.  86 

Do . 

W.  disturbances  in  declination . 

24.  16 

25.  87 

Do . 

E.  disturbances  in  declination . 

23.  81 

25.  47 

Daily  variation  of  barometer — 

Hornstein  . 

Prag,  1870 . . . 

24. 12 

25.  82 

Broun  _ _ 

Singapore,  1841  45 . . . 

24. 13 

25.  83 

Bigelow . 

European  magnetic  field,  1878-  1889 . 

24.  86 

26.  68 

Also  extended,  1841-1897  . 

24.  86 

26.  68 

Del.amhre . j 

Sun  spot  observations 

25.  01 

26.  85 

Sporer . 

. do . 

25.  23 

27. 10 

Scheiner . 

. do . 

25.  33 

27.  22 

Langier . 

. do . 

25.  34 

27.  23 

Carrington . 

. do . 

25.  38 

27.  27 

De  la  Land  6 . 

. do . 

25.  42 

27.  32 

Cassini . 

. do . 

25.  58 

27.  51 
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Table  I. — Siderial  and  synodic  periods  of  the  rotation  of  the  sun — Continued. 
ANGULAR  ROTATION  OF  THE  SUN  SPOTS  IN  SEVERAL  LATITUDES. 
[Expressed  in  minutes  of  arc  for  the  daily  siderial  motion.] 


Latitude. 

Carring¬ 

ton. 

Sporer. 

Faye. 

Tisserand. 

Bigelow. 

Equator  . 
5° . 

867 

864 

858 

854 

850 

842 

837 

830 

818 

881 
862 
854 
a  852 
844 
833 
832 
827 
824 

863 

858 

868.7 

9° . 

190 

14  0 . 

18°  . 

21°  .  . 

25° . 

30° . 

a  Equivalent  to  25.85  siderial,  27.24  synodic. 


Table  1  shows  the  periods  of  rotation  determined  in  several  investi¬ 
gations  and  the  mean  daily  motion  of  the  spots  in  different  latitudes. 
The  mean  synodic  rotation  of  the  total  number  of  sun  spots  is  27.25 
days,  approximately,  and  it  is  the  drift  in  solar  mean  latitude  12°. 
This  value  has  been  widely  adopted  as  the  period  of  solar  rotation,  but 
it  is  extremely  difficult  to  see  any  reason  why  such  an  average  motion, 
the  mean  of  very  different  values  in  angular  velocity,  should  be  the 
true  period  of  the  solar  nucleus  itself.  For  sun-spot  observations  it 
may  be  useful,  but  certainly  there  is  need  of  its  further  indorsement  to 
make  it  applicable  to  the  body  of  the  sun  as  a  whole.  On  the  other 
hand,  examination  of  the  terrestrial  data  shows  that  there  is  a  tendency 
to  obtain  periods  lower  than  the  mean  number,  26,70  days,  as  the  effect¬ 
ive  period  of  solar  rotation  at  the  distance  of  the  earth..  The  separate 
determinations  differ  seriously  among  themselves,  and  tend  to  discredit 
one  another,  so  that  little  weight  has  been  given  by  astronomers  to  this 
set  of  results,  perhaxis  less  than  they  deserve.  The  spectroscopic  work, 
though  important,  has  not  reached  a  conclusion,  and  can  be  regarded 
as  only  in  its  formative  stage,  though  likely  to  produce  decisive  evi¬ 
dence  in  the  end.  As  matters  stand,  the  contest  seems  to  have  nar¬ 
rowed  down  to  an  assignment  of  27.25  days  or  26.70  days  as  the  approx¬ 
imate  period  of  synodic  rotation  of  the  sun,  the  former  being  the  mean 
rotation  of  the  spots  in  latitude  A  12°,  and  the  latter  that  at  the  equator, 
as  determined  by  the  visible  angular  motion  of  the  sun’s  surface  and 
the  terrestrial  variations  respectively. 

It  is  proper  to  inquire  why  the  terrestrial  data  should  give  such  loose 
results.  There  are  probably  three  reasons  for  this:  (1)  the  observa¬ 
tions  give  the  data  in  a  very  complex  form,  composed  of  several  inter¬ 
acting  systems;  (2)  the  series  of  observations  used  has  been  compara¬ 
tively  short,  too  brief  to  afford  clear  residuals  after  the  wasteful  process 
of  balancing  out  local  forces  from  other  imxnessed  sources  of  energy; 
(3)  the  enqiloyment  of  the  Gaussian  jnTucixde  of  the  u  sum  of  the 
squares  of  the  residuals  a  minimum.”  The  third  needs  further  exxila- 
nation.  Having  a  series  of  residuals,  the  assignment  of  (n — 1)  (n) 
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(n+1)  days  as  the  period  successively  for  the  determination  of  n  is 
proper  under  certain  conditions,  especially  whenever  a  simple  mean 
period  is  to  be  obtained — that  is,  for  example,  when  the  resulting  curve 
is  a  simple  harmonic  function.  But  in  the  case  of  several  overlapping 
functions  it  will  not  work,  especially  with  a  short  series;  and  in  case  of 
an  inversion  of  the  periodic  curve  it  will  fail  entirely.  The  fact  that  so 
many  researches  with  this  method  have  been  indecisive  induced  me  to 
believe  that  either  one  or  both  of  these  conditions  were  at  the  basis  of 
the  difficulty,  and  accordingly  in  planning  this  investigation  the  Gaus¬ 
sian  method  was  excluded  from  the  trial.  The  outcome  shows  that  the 
inversion  of  the  curve  is  the  real  cause  of  the  failure  of  the  method; 
the  fact  that  the  curve  has  many  maxima  in  a  period,  but  is  not  com¬ 
pounded  of  overlapping  periods,  not  being  the  barrier  to  its  employ¬ 
ment.  It  will  be  shown  later  that  inversion  takes  place  on  the 
average  on  February  1,  April  20,  July  15,  October  15  of  each  year,  so 
that  unless  the  observations  of  a  year  were  subdivided  into  the  proper 
parts,  the  period  would  emerge  only  feebly  from  the  observations. 

NOMENCLATURE,  DEFINITIONS,  AND  TYPE  MAGNETIC  FORCE 

DIAGRAMS. 

For  the  sake  of  assisting  those  readers  who  are  not  familiar  with  the 
language  used  in  the  science  of  terrestrial  magnetism,  the  following 
summary  of  its  leading  terms  is  reproduced  from  Bulletin  No.  20, 
United  States  Weather  Bureau,  1897,  on  Storms,  Storm  Tracks,  and 
Weather  Forecasting.  The  nomenclature  grew  up  in  consideration  of 
the  behavior  of  a  magnet  freely  suspended  in  the  earth’s  magnetic  field, 
rather  than  with  regard  to  the  wider  aspects  of  science  that  have 
since  been  developed,  and  hence  the  choice  of  reference  directions  on 
the  surface  of  the  earth  is  of  a  practical  character,  but  not  the  best 
that  might  have  been  selected.  Since  the  earth  is  positively  magnet¬ 
ized  in  its  southern  hemisphere,  in  the  northern  hemisphere  a  freely 
suspended  needle  dips  with  its  north-seeking  end  beneath  the  horizon, 
and  inclines  to  the  west  of  the  geographical  meridians,  taken  as  a 
whole  over  Europe,  where  the  science  was  first  studied.  This  needle 
will  hang  tangent  to  the  line  of  force  determined  by  the  earth  as  a 
magnet  at  the  station  considered,  and  there  have  consequently  been 
employed  two  systems  of  coordinates  to  define  the  force  of  the  mag¬ 
netic  field  at  the  point  of  suspension. 

(1)  The  first  system  of  coordinates  is — 

F,  the  intensity  of  the  magnetic  force  of  the  earth. 

L),  the  declination ,  positive  west  from  geographical  north. 

I,  the  inclination ,  positive  below  the  horizon. 

These  give  the  exact  direction  and  magnitude  of  the  magnetic  force. 

(2)  The  secondary  system  of  coordinates  is — 

H,  the  horizontal  component ,  positive  north  along  the  magnetic 
meridian. 
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I),  the  angular  declination ,  positive  west. 

V,  the  vertical  component positive  downward. 

These  also  determine  the  vector — that  is,  direction  and  magnitude — 
of  the  magnetic  force. 

If  the  earth’s  magnetic  field  were  permanent,  these  values  of  F  D  1 
or  II  13  V  would  be  constant  at  every  station  on  the  globe.  But  they 
are  all  continually  fluctuating  in  several  periods — the  diurnal,  the  solar, 
the  annual,  and  the  secular. 

^Magnetic  Geographical 


Chart  1.—  Coordinates  of  normal  and  deflecting  magnetic  forces. 


The  diurnal  period ,  twenty-four  hours,  is  due  to  the  rotation  of  the 
earth  on  its  axis,  changing  the  components  of  the  earth’s  normal  field 
in  relation  to  the  external  magnetic  lines  of  the  force  in  the  ether  as 
induced  by  solar  action. 

The  solar  period,  26.68  days,  is  due  to  the  rotation  of  the  sun  on  its 
axis,  carrying  with  it  the  coronal  magnetic  field,  which  it  continuously 
sustains,  with  an  intensity  varying  along  the  solar  meridians,  and  also 
as  a  whole  in  the  solar  11-year  period. 

The  annual  period,  365.25  days,  is  due  to  the  earth’s  motion  about  the 
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sun  in  its  orbit,  which  changes  the  aspect  of  the  sun’s  magnetic  system 
relatively  to  that  of  the  earth,  as  the  sun  moves  in  declination  with  the 
seasons. 

The  secular  periods  are  but  little  understood,  but  there  are  several 
of  them:  (1)  The  11-year  period,  due  to  the  slow  workings  of  magnetic 
masses  within  the-solar  nucleus;  (2)  the  longer  periods  of  five  hundred 
to  three  thousand  years,  differing  in  the  several  parts  of  the  earth,  and 
due  to  the  slow  redistribution  of  magnetism  within  the  earth,  and 
(3)  the  very  long  secular  periods  of  the  sun  as  a  variable  star  by 
which  the  terrestrial  system  must  be  affected,  just  as  it  is  in  the  shorter 
periods. 

To  study  the  causes  that  modify  the  earth’s  normal  magnetic  held  in 
these  several  periods  it  is  necessary  to  disentangle  the  superposed 
forces  from  the  normal  held,  in  order  to  have  the  components  of  the 
deflecting  forces  at  auy  time.  The  simplest  way  of  doing  this  in  prac¬ 
tical  work  is  to  take  the  magnetic  meridian  at  a  station  as  the  plane  of 
reference  with — 

X,  positive  to  the  magnetic  north. 

Y,  positive  to  the  magnetic  west. 

Z,  positive  to  the  magnetic  nadir. 

Hence,  variations  in  the  horizontal  force  A  H,  in  the  declination  A  D, 
in  the  vertical  force  A  Y,  may  be  combined  into  a  horizontal  component 
o',  which  makes  an  angle  ft  on  the  horizon  plane  with  the  magnetic 
north,  and  also  into  a  total  vector  force  s  which  makes  a  vertical  angle 
a  with  <7,  and  an  angle  (3  between  its  plane  and  that  of  the  magnetic 
meridian.  In  Chart  — 

O  X  is  geographically  north,  O  W  west,  O  Z  nadir. 

OP  =  F,NOM  =  D,MOP  =  I.  First  system. 

OM  =  H,NOM  =  D,MP  =  y.  Second  system. 

G  is  the  resultant  of  A  H  =  dx  and  A  H  =  dy,  and  makes  the  angle 
/3  =  A  H.  O.  A  D  with  the  magnetic  meridian. 

s  is  the  resultant  of  g  and  A  Y  =  dz  and  makes  the  angle  a  =  A  D.  O  R 
with  g.  The  vector  sum  of  O  P  and  O  R  is  O  T,  and  therefore  O  T 
gives  the  direction  of  the  needle  and  the  intensity  of  the  magnetic  force 
at  the  time  considered. 

For  many  years  it  has  been  known  that  there  must  be  a  close  phys¬ 
ical  connection  between  the  sun  and  the  earth  because  of  the  definite 
fluctuations  in  intensity  between  solar  and  terrestrial  phenomena.  Our 
investigation  of  this  subject  has  shown  that  the  transference  of  energy 
is  not  only  along  the  ecliptic,  but  also  in  widespreading  lines  which  are 
perpendicular  to  the  ecliptic  at  the  earth,  this  circumstance  indicating 
that  the  sun,  as  well  as  the  earth,  is  an  immense  spherical  magnet.  The 
sun  therefore  emits  energy  along  two  paths  to  the  earth  and  in  two  dif¬ 
ferent  forms  of  radiation:  (1)  Along  the  ecliptic,  in  electromagnetic 
waves,  wherein  the  vibration  is  in  planes  perpendicular  to  the  line  of 
propagation;  (2)  in  magnetic  curves ,  wherein  the  ether  motion  is  prob 
10305— Xo.  21 - 3 
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ably  rotatory,  which  is  called  the  coronal  held  because  of  the  intimate 
relation  of  the  lines  of  the  solar  corona  to  magnetic  lines  of  force. 

The  term  electromagnetic ,  in  this  connection,  is  descriptive  of  the  Max¬ 
wellian  theory  of  light,  which  makes  it  a  true  radiation  of  energy  in 
straight  lines  from  its  source.  It  is  analyzed  into  a  wave  of  electric 
force,  plus  a  wave  of  magnetic  induction,  these  forces  being  at  right 
angles  to  each  other  in  the  plane  wave  front,  the  compoueut  waves 
being  in  quadrature  along  the  path  of  propagation.  The  immense 
rapidity  of  the  vibrations  of  light,  in  the  case  of  a  train  of  waves  from 
the  source  to  the  observer,  practically  integrates  the  system  into  a  type 
of  polarized  ether. 

The  magnetic  curves  which  join  the  opposite  polarities  of  a  perma¬ 
nent  magnet  have  an  entirely  different  nature,  but  it  is  not  definitely 
known  Avliat  the  state  of  the  ether  is  when  it  sustains  them,  though 
probably  they  are  simply  rotational  ether  vortices  having  their  ends  on 
the  magetized  matter.  As  the  form  of  these  curves,  and  the  mode  of 
combining  systems  of  magnetic  forces  should  be  kept  clearly  in  mind, 
the  following  diagrams  are  added: 


Chart  2. — Uniform  field. 

-VA  H  =  0.001273  J*s 

With  a  given  value  of  H  compute  the  distance  rn  from  the  axis  of  the  field  for  any 
line  n. 
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3* 


o _ /O _ 20 

Chart  3. — Unipolar  field. 


F  =  ixm  =  20  m= 1.592^-* 

Subdivide  the  diameter  into  4i m  equal  parts,  draw  parallel  chords  through  the 
division  points  at  right  angles  to  the  axis,  and  a  series  of  radii  to  the  points  ot  inter¬ 
section  on  the  circle. 
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±  m  =  ±  1.592 


C3G» 
'  S 


Place  two  unipolar  fields  near  the  same  center  aud  draw  resultant  curves  through 

ain^Q 

the  points  of  intersection.  Or  else  compute  the  curves  from  N  =  C.  where  C 

may  he  taken  equal  to  unity. 
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This  is  the  same  as  a  bipolar  field  outside  the  sphere,  and  a  uniform  field  inside, 
connecting  discontinuously  at  the  surface. 
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Stable  position.  Components  on  the  left  side;  resultant  on  the  right  side. 
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Unstable  position.  Components  on  the  left  side;  resultant  on  the  right  side. 
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The  method  of  procedure  decided  upon  was  to  spread  out  the  polar 
coordinates  of  the  deflecting’  forces  impressed  upon  the  normal  terres¬ 
trial  field,  in  long  tables,  and  to  discover  by  inspection  the  fact  of 
periodicity  if  it  existed.  This  has  been  a  very  laborious  procedure, 
as  the  transformations  above  described  cover  the  years  1878-1889  inclu¬ 
sive,  for  five  to  eleven  stations.  The  result  was  announced  at  the  Chicago 
Congress,  1893;  but  the  possibility  of  having  merely  added  one  more 
to  the  long  list  of  approximate  periods  already  published,  caused  me  to 
withhold  the  details  of  the  computation  till  practical  experience  with 
its  efficiency  had  given  at  least  some  conclusions  calculated  to  fortify 
its  validity.  The  work  can  be  only  illustrated  in  this  bulletin,  but  the 
example  given  is  a  fair  specimen  of  the  remainder  of  this  kind  of 
computation. 

The  components  are  arranged  in  the  order  H.  1).  V.,  representing  the 
development  X.  Y.  Z.;  H.  D.  V.  are  taken  from  the  reports  of  observa¬ 
tions,  and  are  the  absolute  values  corrected  for  temperature  and  instru¬ 
mental  peculiarities;  H0,  D0,  V0  are  the  adopted  secular  normal  values 
of  the  components,  assuming  that  the  mean  for  the  month  is  true  for  the 
15th  day,  and  that  the  variation  is  proportional  to  the  time  between  the 
successive  values  thus  determined;  dx,  dy,  dz  are  the  corresponding 
rectangular  coordinates  reduced  to  units  of  the  sixth  decimal  0.  G.  S. 

( 0. 00000 1  dy n e ) :  o'  ='^/x2 -(-  y2]  s  =  V  dx2 -f  dy2  -f  dz 2 ,  tan  fd=  ^  tail  a  =  —  • 

f 3  is  positive  from  the  north  magnetic  point  through  the  west ;  a  is 
positive  below  the  horizon. 

In  the  volume  of  magnetical  and  meteorological  observations,  Green¬ 
wich,  March,  1887,  H  is  found  in  column  7,  p.  (iii) ;  D  in  column  4,  p.  (ii) ; 
Y  in  column  7,  p.  (vi);  the  precepts  for  conversion  of  the  values  into 
G.  G.  S.  units  occur  at  the  top  of  the  several  pages. 

H-H0=aH,  D-D0=aD,  Y— Y0=  a  Y, 

1  unit  AH=0.0000018  O.  G.  S. 

1  unit  A  Y=0.0000044  G.  G.  S. 

1  minute  arc  A  D  =0.0000530  G.  G.  S.,  where  dy— H0  tan  aD. 

The  table  of  transformations  is  appended;  H.  D.  Y.  are  copied  from 
the  report;  H0,  D0,  Y0  are  interpolated  from  the  monthly  means;  AH, 
aD,  aY  are  reduced  to  dx,  dy ,  dz,  in  units  sixth  decimal  O.  G.  S;  a , 
s ,  a ,  fd  are  the  equivalent  polar  coordinates. 
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Table  2. — The  mean  deflecting  forces  in  rectangular  and  polar  coordinates. 


[Greenwich,  March,  1887.] 


H 

Ho 

AH 

D 

D0 

AD 

V 

V 

AV 

I  dz 

dy 

dz 

<T 

s 

a 

/3 

1 

464 

477 

—13 

52.7 

51.  65 

+  1.05 

497 

483 

+  14 

—  23 

+  56 

+  62 

60 

86 

+46 

112 

2 

477 

477 

0 

52.2 

51.  65 

+  .55 

497 

481 

+  16 

0 

+  29 

+  70 

29 

76 

+67 

90 

3 

501 

478 

+  23 

52.0 

51.65 

+  .  35 

474 

479 

—  5 

+  41 

+  18 

—  22 

44 

49 

—26 

25 

4 

499 

478 

+21 

52.  0 

51.  66 

+  .34 

478 

476 

+  2 

+  38 

+  18 

+  9  I 

42 

43 

+13 

26 

5 

480 

478 

+  2 

51.7 

51.  66 

+  .04 

486 

472 

+  14 

+  4 

+  2 

+  62 

5 

62 

+86 

27 

G 

418 

479 

—61 

50.8 

51.  66 

—  .86 

487 

470 

+17 

—110 

—46 

+  75 

119 

141 

+  32 

203 

7 

429 

479 

—50 

51.5 

51.  67 

-  .17 

489 

468 

+21 

—  90 

—  9 

+  92  | 

91 

129 

+45 

186 

8 

431 

480 

—49 

51.8 

51.  67 

+  .13 

479 

465 

+  14 

—  88 

+  7 

+  62 

88 

108 

+35 

174 

9 

401 

480 

—79 

51.4 

51.  67 

—  .27 

485 

463 

+22 

—142 

—14 

4-  97 

143 

173 

+34 

185 

10 

469 

480 

—11 

52.1 

51.  68 

+  .42 

462 

461 

+  1 

—  20 

+22 

+  4  j 

29 

30 

+  10 

133 

11 

450 

481 

—31 

51.5 

51.68 

—  .18 

467 

459 

+  8 

—  56 

—10 

+  35  1 

57 

68 

+30 

190 

12 

451 

481 

-30 

51.8 

51.69 

+  .11 

468 

456 

+  12 

—  54 

+  6 

+  53 

55 

77 

+44 

172 

13 

442 

482 

—40 

51.6 

51.  69 

—  .09 

469 

454 

+  15 

-  72 

—  5 

+  66  I 

72 

97 

+  42 

183 

14 

448 

482 

—34 

52.2 

51.70 

+  .50 

454 

452 

+  2 

—  61 

+27 

+  9 

67 

68 

+  7 

156 

15 

456 

483 

—27 

51.7 

51.70 

.00 

433 

449 

—16 

—  49 

0 

—  70 

49 

86 

— 55 

180 

16 

404 

484 

—80 

51.2 

51.  67 

—  .47 

437 

448 

—11 

—144 

—25 

—  48 

147 

156 

—18 

190 

17 

'458 

485 

—27 

51.6 

51.64 

—  .04 

437 

448 

—11 

—  49 

-  2 

—  48 

49 

69 

— 45 

181 

18 

461 

486 

—25 

51.5 

51.  61 

—  .11 

423 

447 

—24 

-  45 

—  6 

—106 

46 

116 

—67 

187 

19 

486 

487 

—  1 

51.  3 

51.  58 

—  .28 

424 

446 

—22 

—  2 

—15 

-  97 

15 

99 

—81 

268 

20 

463 

489 

—26 

51.6 

51.  55 

+  .05 

418 

446 

-28 

—  47 

+  3 

—123 

47 

131 

—69 

176 

21 

407 

490 

—83 

51.7 

51.52 

+  .18 

425 

445 

—20 

—149 

+  10 

—  88 

150 

175 

—30 

176 

22 

467 

491 

-24 

51.6 

51.49 

+  -11 

402 

444 

—42 

—  43 

+  o 

—185 

43 

190 

—77 

172 

23 

527 

492 

+35 

51.9 

51.  46 

+  .44 

400 

444 

—44 

+  63 

+  23 

—194 

67 

204 

—71 

20 

24 

509 

493 

+16 

51.8 

51.43 

+  .37 

403 

443 

—40 

+  29 

+20 

—176 

36 

180 

—78 

35 

25 

552 

495 

+57 

51.9 

51.40 

+  .50 

416 

442 

-26 

+103 

+  27 

—114 

106 

155 

—47 

15 

26 

553 

496 

+  57 

51.6 

51.37 

+  .23 

421 

442 

—21 

+  103 

+12 

—  92 

104 

139 

—42 

6 

27 

562 

497 

+  65 

51.5 

51.34 

+  .16 

432 

441 

—  9 

+117 

+  9 

—  40 

118 

125 

—19 

4 

28 

555 

498 

+  57 

51.7 

51.31 

4-  .39 

440 

440 

0 

+  103 

+  21 

0 

105 

105 

0 

12 

29 

577 

499 

+78 

51.4 

51.  28 

+  -12 

433 

440 

—  7 

+  140 

+  6 

—  31 

140 

143 

—12 

3 

30 

591 

501 

+  90 

51.5 

51.25 

+  •  25 

433 

439 

—  6 

+162 

+  13 

—  26 

163 

165 

—19 

4 

31 

Feb.. 
Mar  . 
Apr  . 

585 

471 

483 

521 

502 

+83 

51.7 

51.6 

51.7 

50.7 

51.22 

+  .48 

442 

517 

449 

428 

438 

+  4 

+149 

+26 

+  18 

152 

153 

+  7 

10 

All  the  computations  used  as  the  basis  of  my  research  have  been 
made  in  this  way.  About  1,500  tables  like  Table  2  have  been  con¬ 
structed  in  preparing  the  results  of  this  Bulletin.  The  great  variety 
of  forms  in  the  publications  of  observatories,  since  scale  divisions,  Brit¬ 
ish,  metric,  and  0.  G.  S.  units  occur,  renders  the  work  tedious.  An 
improvement  would  be  made  by  publishing  the  coordinates  (doc,  dy ,  dz), 
and  (o',  s,  a ,  ft)  as  above,  since  each  observatory  should  contribute  these 
as  material  available  for  general  scientific  work. 

SOME  REASONS  FOR  THE  SLOW  ADVANCEMENT  OF  THE  SCIENCE  OF 
TERRESTRIAL  MAGNETISM. 

This  leads  to  a  few  remarks  on  the  causes  of  the  singularly  slow 
advance  that  terrestrial  magnetism  has  made  as  a  science  toward  a 
satisfactory  system  of  fundamental  physical  laws.  For  it  is  plain  that 
while  observations  have  been  accumulated  by  the  million,  the  primary 
laws  of  the  sources  of  the  variation  of  the  forces  are  still  the  subject 
of  discussion.  This  state  of  affairs  may  be  referred  to  three  lines  of 
thought  that  have  pervaded  all  previous  analyses  of  magnetic  obser¬ 
vations:  (1)  The  records  have  generally  contented  themselves  with  dis¬ 
playing  the  variations  of  the  individual  components  taken  separately. 
Thus  the  curves  of  Horizontal,  Vertical,  Total  forces,  Declination, 
and  Dip  occur  in  nearly  every  volume,  but  no  attempt  has  been  made  on 
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a  large  scale  to  construct  the  corresponding  vector  system  of  impressed  1 
forces  acting  upon  the  entire  earth,  which  will  produce  the  samedeflec-  1 
tions  in  each  element  at  each  statiou.  This  has,  on  the  other  hand,  ; 
been  the  leading  idea  of  my  computation,  and  out  of  it  has  emerged  ; 
two  definite  vector  systems,  impressed  upon  the  normal  terrestrial  field 
to  produce  the  observed  resultants. 

(2)  The  prominence  given  to  the  potential,  and  the  interpolation  from  : 
statiou  to  station  by  the  Gaussian  Harmonic  analysis,  has  probably  \ 
tended  to  retard  the  elucidation  of  the  origin  of  the  variations  of  the  ] 
field,  because  the  excessive  complication  of  the  computation  has  really  j 
hindered  the  detection  of  the  system  of  forces  depending  upon  an 
external  potential.  It  would  seem  preferable  to  disentangle  the  vector 
systems  from  each  other,  and  from  the  normal  field,  then  to  study  their 
behavior,  and  thus  form  a  conception  of  the  type  of  potential  required.  ] 
It  is  now  seen  that  the  interactions  of  the  solar  and  the  terrestrial 
magnetic  fields  well  nigh  overwhelm  any  simple  potential  action  in  the 
complex  resultants,  and  thus  obscure  the  solution  of  the  problem. 

(3)  The  common  x^ractice  of  subdividing  the  year  by  arbitrary  calen-  I 
dar  months,  and  taking  the  means  for  thirty-day  blocks,  evidently  cuts 
to  xneces  any  natural  period  which  may  happen  to  be  running  through 
the  observations,  but  not  coinciding  exactly  with  the  month  divisions. 
This  has  been  the  natural  course  to  pursue,  however,  so  long  as  any  such  ] 
working  period  remained  undetected,  and  hence  the  first  logical  stex) 
was  to  work  out  the  periodic  action  within  the  observations,  if  such 
exists.  At  the  outset,  before  any  result  could  be  found,  it  was  neces¬ 
sary  to  employ  the  monthly  means  as  rex>resenting  approximately 
points  on  the  normal  field,  and  interpolating  as  explained.  The  dis¬ 
covery  of  the  26.68-day  period,  as  the  outcome  of  this  method,  enables 
us  to  construct  an  ex>hemeris  dividing  the  total  set  of  observations  into 
periodic  parts,  and  the  means  of  these  sets,  instead  of  the  thirty  calendar 
days  of  the  months,  should  be  taken  as  the  representative  points  of 
the  normal  field. 

The  repetition  of  the  work  thus  implied  has  not  been  undertaken. 
When  the  laws  of  the  secular  variation  of  the  normal  field  are  known,  a 
further  improvement  may  be  made  in  determining  H..  D.,  V.,  and  hence 
a  more  accurate  computation  of  the  impressed  vector  systems.  Enough 
has  been  done,  however,  to  show  that  the  ax>parently  accidental  varia¬ 
tions  in  the  daily  means  are  really  the  effects  of  physical  forces,  at trib 
uted  to  the  x>olar  action  of  the  sun,  and  not  due  x>rimarily  to  instru¬ 
mental  defects.  The  observations  are  undoubtedly  worthy  of  great 
confidence  whenever  the  work  has  been  carefully  x>erformed  in  the 
observatories. 

DIAGRAMS  GIVING  SOME  FEATURES  OF  THE  COMPONENT  MAGNETIC 

POLAR  FIELDS. 

Although  it  is  anticipating  the  natural  ^assentation  of  the  results, 
yet  in  order  to  give  an  idea  of  the  general  conclusions  reached,  two 
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diagrams  are  added,  which  may  be  briefly  described  as  follows:  The 
earth  acts  like  a  permeable  shell,  one-fiftli  the  radius  in  thickness,  upon 
impressed  external  fields.  Superposed  upon  the  normal  earth’s  field  is 
a  field  nearly  perpendicular  to  the  plane  of  the  ecliptic,  deflected  to 
pass  the  earth  in  the  lines  pertaining  to  such  a  system.  If  this  field 
unites  in  composition  with  the  terrestrial  field,  the  curves  of  the  earth’s 


field  are  expanded  when  it  is  directed  from  north  to  south,  and  con¬ 
tracted  when  its  direction  is  from  south  to  north.  A  variation  in  the 
strength  of  the  external  field  for  any  cause  is  indicated  by  a  change  in 
the  elements  H.  D.  V.  at  the  surface  of  the  earth,  and  also  throughout 
the  space  in  its  neighborhood. 

The  second  diagram  shows  the  resulting  average  variation  of  the 


impressed  field  in  a  period  of  26.68  days.  It  undergoes  also  a  semi¬ 
annual  periodic  inversion  as  a  whole,  is  subject  to  great  perturbations,  j 
also  to  small  abnormalities,  and  probably  to  minute  wave-like  varia¬ 
tions  which  constitute  it  approximately  a  type  of  radiation.  The  earth’s 
field  is  like  a  set  of  springs,  which  are  deflected  by  the  varying  strength 
of  the  impressed  field,  itself  primarily  static  in  nature,  but  yet  pulsat-  j 
ing  in  long  periods  and  in  periods  of  a  few  seconds.  The  work  of  the 
transient  currents  of  the  impressed  field  goes  one-half  into  magnetic  I 
energy  and  one-half  into  heat.  The  integral  of  the  energy  thus  gained 
by  the  earth,  and  especially  the  earth’s  atmosphere,  is  apparently  suf¬ 
ficient  in  quantity  to  modify  the  circulation  of  the  currents  of  the  air,  I 
due  originally  to  the  convection  produced  by  solar  radiation  on  the 
equatorial  zone. 


Chart  9. — Periodic  variations  in  the  strength  of  the  solar  field  as  observed  within  the  earth’s  field. 

Direct  and  inverse  types. 


The  axis  of  the  earth’s  field  is  not  parallel  to  that  of  the  external 
field,  but  it  rotates  within  it  daily,  around  it  annually;  while  also  the 
sun  rotates  the  external  field  past  the  earth  as  a  whole  in  26.68  days. 
The  mechanical  interaction  of  these  systems  constitutes  the  complexity 
of  the  problem,  but  it  explains  and  renders  necessary  several  well-known 
phenomena. 

There  is  another  impressed  vector  system,  whose  axis  is  parallel  to 
the  electro- magnetic  radiation,  the  lines  of  which  are  distorted  into  a 
much  more  complicated  form  than  those  of  the  polar  field,  because  the 
axis  of  the  earth’s  magnetization,  the  earth  having  a  permeable  shell, 
is  approximately  at  right  angles  to  the  equatorial  field.  This  is  the 
system  observed  in  the  diurnal  variation  of  the  needle.  Thus  two  sys¬ 
tems  of  forces  are  impressed  from  outside,  one  a  static  force,  varying 
with  the  changes  in  its  solar  base;  the  other  in  intensely  rapid  vibra¬ 
tion,  generating  a  uniform  field  relatively  to  the  mass  of  the  earth  or  of 
a  common  magnet. 


Chapter  2. 


DETERMINATION  OF  THE  26.68-DAY  SOLAR  MAGNETIC  PERIOD. 

ELEMENTS  OF  COMPUTATION  FOR  11  STATIONS,  MARCH,  1887. 

The  form  for  computing  o',  s,  a,  ft  for  Greenwich,  March,  1887,  above 
described  on  page  41,  is  to  be  extended  to  all  stations,  whether  the 
deflecting  vectors  are  applied  to  the  hourly  or  the  mean  daily  variations 
of  the  normal  terrestrial  magnetic  field.  To  show  the  relations  simul¬ 
taneously  existing  among  these  vectors  at  several  stations  of  the  northern 
hemisphere  in  the  case  ol  the  mean  variations  for  successive  twenty-four 
hours,  similar  computations  tor  Los  Angeles,  Toronto,  Greenwich,  Paris, 
Pola,  Prague,  Vienna,  Pawlowsk,  Till  is,  Zi-Ka- Wei,  Batavia,  are  brought 
together  for  March,  1887.  Those  for  Greenwich  are  transferred  from 
the  preceding  Table  2.  The  preliminary  Table  3,  “Data  from  reports, 
with  reduction  factors  to  C.  G.  S.  units,’’  gives  the  name  of  the  station, 
the  values  of  H.  D.  V.  for  March,  1887,  the  factors  needed  to  pass  from 
the  published  data  of  the  reports,  AH,  aD,  aV  (in  scale  divisions, 
parts  of  the  horizontal  force,  millimeters,  minutes  of  arc),  to  the  corre¬ 
sponding  equivalents  in  the  dx,  dy,  dz,  sixth  decimal  C.  G.  S.  units,  and 
finally  the  pages  of  the  reports  from  which  the  variations  of  the  elements 
are  extracted. 


Table  3. — Data  from  reports  with  reduction  factors  to  C.  G.  S.  units. 


[March,  1887.] 


Station. 

H. 

D. 

Y. 

Reduction  factors  to  sixth 
decimal  dyne. 

References. 

Los  Angeles . 

0. 27210 

—14  28.0 

H  1“  =  0.  000030  C.  G.  S. 

MSS. 

D  l«c  —  0.  000063  C.  G.  S. 

Toronto . 

H  lsc  =  0.  000109  C.  G.  S. 

MSS. 

1)  1'  =  0.  000046  C.  G.  S. 

Greenwich . 

0.18148 

+17;  51.7 

0. 43705 

H  1  AH—  0.  0000018  C.  G.  S. 

II,  III,  VI. 

D  1'  =  0.000053  C.  G.  S. 

V  1AV  =  0.  0000044  C.  G.  S. 

Paris . 

0.19459 

+15  56.0 

0. 42204 

I)  1'  =0.  000057  C.  G.  S. 

B,  18. 

Pola . 

0.  21913 

+  10  30.4 

D  i'  =  0.  000064  C.  G.  S. 

10, 11. 

Prague . . 

0. 19641 

+  10  17.1 

Dl'  =0.  000057  C.  G.  S. 

IX. 

Vienna . 

0.  20583 

+  9  22.4 

0.41079 

H  l'"m  =  0.  000042  C.  G.  S. 

65,  77,89. 

D  1“>'"  =  0.  000067  C.  G.  S. 

V  l”m  =  0.  000062  C.  G.  S. 

Pawlowsk . 

0. 16396 

+  0  25.6 

0.  46976 

D  V  =  0.  000048  C.  G.  S. 

109,  121, 133. 

Tiflis . 

0.  25701 

—  1  10.8 

0.  37614 

Dl'  =  0.  000075  C.  G.  S. 

15, 17,19. 

Zi-ka-wei . 

0.  32970 

+  2  10.9 

0.  34433 

Dl'  =0.  000096  C.  G.  S. 

37. 

Batavia . 

0.  37092 

—  1  50. 6 

0. 19992 

1)  1'  =0. 000108  C.  G.  S. 

104, 105, 106. 
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An  emphatic  protest  may  be  entered,  in  passing,  against  continuing 
the  publication  of  magnetic  absolute  values  in  so  many  systems,  because 
the  labor  of  comparative  studies  in  terrestrial  magnetism  is  seriously 
increased,  and  the  danger  of  making  an  error  in  the  interpretation  of 
the  data  of  reports  is  always  menacing.  It  is  also  urged  that  each 
observatory  should  publish  the  values  of  the  deflecting  vectors  in  <r,  s, 
a,  (3  as  being  the  really  interesting  product  of  the  observations,  thus 
sharing  the  labor  of  such  computations.  Only  such  reduction  factors 
are  entered  as  are  needed  in  the  transformations,  the  others  being,  as 
they  should  be,  already  in  0.  G.  S.  units.  The  vertical  force  was  not 
available  at  the  time  this  work  was  done  for  Los  Angeles,  Toronto, 
Pola,  and  Prague.  The  United  States  Coast  and  Geodetic  Survey 
courteously  furnished  a  manuscript  advanced  report  for  Los  Angeles 
and  the  Toronto  Meteorological  Office  for  Toronto.  To  these  offices  our 
sincere  thanks  are  extended. 


Table  4. — Polar  coordinates  of  vectors  disturbing  the  normal  magnetic  field  at  several 

stations  for  March,  1887. 


[  Day  of  the  month. 

GO 

§D 

02 

O 

vA 

Toronto. 

Greenwich. 

Paris. 

Pola. 

Prague. 

Vienna. 

Pawlowsk. 

3 

EH 

S 

ci 

N 

•S 

5 

pp 

Mean  values  for  the 
European  stations.  . 

Greenwich. 

Paris. 

Vienna. 

Pawlowsk. 

Tiflis. 

Zi-ka-wei. 

Batavia. 

Mean  values  for  the 

European  stations. 

Horizontal  component  <r. 

[Units  sixth  decimal  C.  G.  S.] 

Total  v 
[Units  sixtl 

ector  force  s. 
i  decimal  C.  G.  S.] 

1 

40 

20 

60 

51 

37 

119 

47 

48 

11 

25 

43 

43 

86 

87 

84 

52 

69 

288 

86 

80 

2 

68 

71 

29 

68 

60 

138 

41 

18 

27 

54 

39 

37 

76 

82 

89 

28 

38 

224 

90 

63 

3 

104 

77 

44 

84 

97 

191 

92 

71 

112 

11 

79 

81 

49 

90  ! 

133 

72 

115 

298 

126 

92 

4 

111 

101 

42 

80 

87 

237 

90 

71 

124 

99 

129 

81 

43 

80 

129 

71 

127 

179 

159 

90 

5 

71 

84  ! 

5 

52 

60 

2 

15 

47 

68 

171 

24 

62 

67 

102 

37 

53 

79 

175 

164 

6 

118 

72 

119 

82 

91 

117 

137 

117 

135 

32 

114 

141 

93 

118 

138 

128 

210 

81 

124 

7 

37 

8 

91 

21 

!  46 

108 

41 

111 

147 

66 

74 

129 

62 

no 

80 

126 

191 

84 

101 

8 

95 

97 

88 

42 

j  23 

110 

83 

51 

87 

26 

75 

108 

48 

117 

112 

52 

220 

27 

87 

9 

45 

94 

143 

100 

85 

164 

147 

147 

217 

111 

140 

173 

no 

164 

149 

177 

240 

123 

155 

10 

45 

43 

29 

43 

7 

58 

47 

14 

148 

47 

38 

30 

45 

59 

49 

40 

232 

130 

45 

11 

32 

37 

57 

27 

39 

140  ’ 

90 

54 

38 

no 

33 

53 

68 

30 

90 

61 

42 

139 

89 

58 

12 

27 

3 

55 

21 

31 

!  90 

65 

21 

27  I 

[  119 

15 

38 

77 

22 

69 

40 

31 

224 

19 

48 

13 

34 

24 

72 

49 

41 

109 

25 

28 

34 

25 

27 

42 

97 

92 

45 

9 

55 

73 

52 

60 

14 

73 

27 

67 

60 

135 

101 

26 

41 

51 

70 

19 

49 

68 

81 

27 

41 

55 

147 

63 

54 

15 

6 

38 

49 

81 

i  56 

105 

38 

39 

59 

93 

49 

53 

86 

96 

42 

43 

60 

95 

74 

65 

16 

49 

45 

147 

81 

89 

117 

99 

113 

54 

66 

68 

99 

156  | 

93 

105 

120 

55 

66 

81 

106 

17 

56 

50 

49 

31 

31 

102 

28 

15 

12 

85 

91 

27 

69 

108 

30 

18 

12 

153 

120 

47 

18 

106 

52 

46 

43 

48 

69 

57 

22 

50 

134 

36 

44 

116 

78 

57 

26 

51 

268 

41 

66 

19 

131 

78 

15 

84 

72 

27 

113 

89 

60 

173 

34 

72 

99 

89 

113 

91 

61 

334 

41 

91 

20 

71 

10 

47 

47 

57 

33 

83 

42 

83 

252 

92 

60 

131 

51 

91 

42 

84 

258 

130 

80 

21 

36 

66 

150 

68 

58 

141 

40 

28 

90 

48 

44 

75 

175 

79 

58 

30 

103 

179 

50 

89 

22 

31 

53 

43 

52 

57 

78 

7 

24 

56 

126 

18 

36 

190 

80 

47 

26 

128 

148 

40 

44 

23 

158 

130 

67 

6 

36 

26 

8 

27 

3 

97 

35 

22 

204 

78 

26 

38 

no 

120 

48 

91 

24 

83 

128 

36 

87 

71 

76 

57 

58 

68 

56 

97 

61 

180 

89 

78 

88 

68 

81 

102 

101 

25 

40 

11 

106 

26 

26 

65 

25 

51 

39 

91 

14 

49 

155 

61 

63 

53 

89 

107 

21 

84 

26 

3 

6 

104 

3 

40 

66 

37 

28 

40 

100 

53 

42 

139 

73 

67 

37 

132 

326 

75 

90 

27 

43 

40 

118 

14 

35 

42 

53 

24 

13 

45 

34 

44 

125 

73 

!  83 

34 

120 

396 

77 

87 

28 

49 

27 

105 

20 

22 

9 

50 

24 

24 

78 

33 

45 

105 

64 

87 

34 

205 

202 

92 

99 

29 

69 

35 

140 

61 

Im 

14 

94 

12 

30 

31 

43 

67 

143 

63 

94 

13 

121 

224 

92 

87 

30 

130 

40 

163 

80 

133 

50 

104 

73 

90 

72 

60 

102 

165 

80 

i  107 

80 

168 

159 

92 

120 

31 

135 

83 

152 

130 

j.... 

111 

101 

111 

|  134 

88 

103 

126 

153 

130 

112 

1 

114 

190 

133 

121  ! 

140 

47 


Table  4. — Polar  coordinates  of  vectors  disturbing  the  normal  magnetic  field  at  several 
stations  for  March,  1SS7 — Continued. 


Vertical  angle  a  [sign  +  is  below 
horizon]. 


»  03 

'js  a 

5  o' 
©  E3 

Sw 


o 

■3 

6 

2 

Pf 

1 

s 

<v 

03  j 
1 

r-5 

So 

•a 

CO 

S 

I 

O  I 

(2 

PH 

& 

£ 

H 

N 

Azimuth  angle  0 ,  [rotation  from  geographical 
north  to  west] . 


1 

+46 

+54 

—56 

+  26 

+  81 

-|-85 

—61 

• 

+30  1 

309 

343 

130 

29 

61 

6 

57 

21 

60 

247 

58 

N 

2 

,  07 

+34 

—63 

+  48 

i  44 

+76 

-64 

+  26 

345 

233 

108 

9 

20 

7 

32 

40 

328 

180 

349  i 

N 

3 

— 26 

—19 

—40 

—  9 

+  13 

+  88 

—51 

—14 

333 

357 

43 

16 

16 

0 

18 

29 

7 

312 

356 

N 

4 

+  13 

—  4 

-46 

—  4 

+  12 

+  57 

—36 

—  6 

10 

6 

44 

18 

26 

7 

26 

44 

17 

15 

347 

N 

5 

+86 

+37 

—89 

+  64 

+27 

+  30 

—13 

+  5  , 

69 

32 

45 

349 

8 

29 

43 

9 

350 

354 

N 

S 

6 

+32 

|-28 

—17 

+  8 

+24 

+  50 

+  66 

+  15  < 

113 

139 

221 

244 

236 

215 

233 

221 

180 

220 

7 

+  45 

+70 

—11 

+  59 

+  28 

+39 

+38 

1+38  ! 

102 

185 

204 

261 

229 

191 

219 

192 

175 

135 

s 

8 

+35 

+  27 

—19 

+  43 

+  10 

-66 

^-10 

+  19 

147 

178 

192 

142 

258 

194 

208 

194 

189 

314 

s 

9 

|  34 

+25 

+  2 

—  10 

+34 

+  26 

-26 

+  17 

146 

144 

203 

179 

204 

191 

192 

195 

185 

179 

s 

10 

+  10 

+  12 

+11 

+  14 

+■68 

+  50 

-68 

+23 

166 

173 

151 

359 

55 

181 

164 

206 

187 

98 

s 

11 

+'30 

+26 

—  3 

+28 

+  21 

—37 

—68 

;+2o 

158 

180 

208 

258 

236 

202* 

205 

229 

230 

172 

357 

s 

12 

+  44 

+  19 

+18 

+57 

-27 

—58 

—35 

+  22 

151 

311 

190 

237 

191 

219 

198 

217 

194 

188 

348 

s 

13 

|-42 

—57 

+56 

+  8 

+51 

+  70 

-58 

+20 

29 

229 

201 

321 

340 

196 

238 

304 

40 

253 

37 

NS 

14 

+  7 

—42 

+  10 

+  2 

+21 

+62 

—62 

0  | 

357 

352 

174 

37 

29 

160 

65 

89 

32 

191 

183 

NS 

15 

—55 

—32 

+24 

+  28 

—  9 

+13 

-48 

—  9 

146 

222 

198 

205 

54 

133 

21 

58 

29 

197 

247 

NS 

16 

—18 

—84 

+19 

-19 

—  5 

-  3 

+  33 

—21  1 

111 

191 

208 

196 

197 

205 

206 

237 

233 

165 

180 

S 

17 

—45 

73 

+  17 

+34 

0 

—56 

+41 

—13  | 

22 

237 

199 

356 

90 

162 

53 

91 

39 

191 

194 

NS 

18 

—67 

—56 

—  1 

+24 

—  6 

+  60 

-28 

—  21. 

22 

356 

205 

327 

49 

125 

18 

28 

17 

6 

271 

N 

19 

—81 

—18 

+  2 

+14 

—  9 

+  58 

-47 

— 18 

3 

353 

286 

354 

0 

102 

1 

357 

15 

8 

340 

N 

20 

—69 

—21 

—24 

+  2 

—10 

+  12 

—45 

— 24 

59 

185 

194 

11 

33 

255 

5 

334 

334 

359 

354 

N 

21 

—30 

+  31 

—47 

+  23 

—28 

— 74  j 

+  26 

—10 

136 

148 

194 

215 

172 

160 

201 

219 

211 

4 

184 

S 

22 

—77 

+  49 

+80 

—18 

—64 

+  31 

—62 

—  6 

155 

157 

190 

229 

170 

172 

103 

166 

174 

7 

236 

S 

23 

—71 

+  86 

+  71 

—44 

—88 

+  36 

-42 

—  9 

189 

152 

38 

235 

166 

208 

126 

240 

317 

19 

348 

s 

24 

—78 

+  10 

+44 

—49 

—  4 

+46 

+  17 

—15 

179 

128 

53 

189 

181 

135 

166 

157 

180 

243 

191 

s 

25 

—47 

H  64 

+  67 

+  15 

—64 

—32 

-46 

+  7 

296 

31 

33 

194 

119 

0 

72 

i  45 

180 

357 

181 

NS 

26 

— 42 

-|-87 

+57 

140 

—73 

-72 

+45 

+  14 

120 

150 

24 

328 

62 

44 

48 

53 

359 

14 

21 

N 

27 

— 19 

+78 

+52 

+43 

-84 

—84 

+  63 

+  14 

314 

336  j 

22 

97 

107 

12 

28 

i  75 

35 

178 

286 

N 

28 

0 

+72 

+  54 

+  43 

-83 

—67 

+  69 

+17 

245 

321 

30 

174 

136 

294 

38 

102 

91 

176 

221 

NS 

29 

—12 

+  17 

+  3 

+  10 

—76 

—82 

+62 

—10 

327 

31 

21 

15 

4 

96 

11 

65 

52 

201 

32 

N 

30 

—19 

-  3 

—13 

—26 

—58 

—63 

+49 

—  5 

329 

348 

22 

16 

11 

45 

15 

|  28 

14 

327 

342 

N 

31 

+  7 

—  3 

-27  | 

—13 

—46 

—48 

+33 

—16 

345 

13 

28 

19 

44 

16 

|  20 

20 

349 

344 

N 

<t  61.6.  s  85.7.  cos  a  0.7188.  a  44°  3'. 


DISCUSSION  OF  THE  RESULTS  OF  THE  TABULATIONS. 

An  examination  of  the  Table  4  of  cr,  s,  <r,  fi  for  eleven  stations,  March, 
1887,  two  situated  in  North  America,  seven  in  Europe,  and  two  in  east¬ 
ern  Asia,  thus  embracing  180°  or  more  in  longitutude,  shows  that  the 
magnetic  action  is  simultaneous  throughout  the  hemisphere.  This  is 
evident  from  the  fact  that  the  values  of  a  s  tend  to  rise  and  fall  together, 
in  spite  of  many  irregularities  at  the  individual  stations,  whose  exact 
cause  may  be  referred  partly  to  instrumental  and  partly  to  local  condi¬ 
tions;  also  the  values  of  the  azimuth  angle  fix  show  a  series  of  sudden 
reversals,  as  between  March  5  and  6,  March  20  and  21.  Against 
each  day  is  placed  the  letter  N  when  the  values  of  fix  are  in  the  large 
majority  of  instances  directed  northward,  S  when  pointing  southward, 
and  NS  when  partly  northward  and  partly  southward,  the  field  being 
then  only  irregularly  disturbed  from  its  normal  state.  The  angle 
fix—  fi  +  the  magnetic  declination  of  the  station,  and  it  gives  the  azi¬ 
muth  counted  from  the  geographical  north.  This  systematic  reversal  of 
the  direction  of  the  impressed  deflecting  forces  over  the  entire  northern 
hemisphere,  extending  also  to  the  southern  hemisphere  at  the  same  time, 
as  can  be  readily  demonstrated,  is  of  prime  importance  in  the  solution  of 
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our  problem.  It  shows  that  only  an  extraterrestrial  magnetic  field  can 
be  primarily  concerned  in  these  variations  of  the  earth’s  field  taken  as  a 
whole  from  day  to  day,  for  the  following  reasons:  If  the  variation  is 
due  to  local  changes  in  the  earth’s  intensity  of  magnetization,  it  would 
not  be  simultaneous  over  both  hemispheres  5  if  it  were  due  to  changes 
in  the  magnetization  within  the  earth  taken  as  a  whole,  the  variation  in 
the  external  field  would  be  that  of  vectors  directed  along  the  normal 
lines  of  force;  if  the  disturbing  vectors  are  not  along  the  normal  lines, 
but  athwart  them,  as  indicated  in  Chart  8,  and  the  disturbance  is  simul¬ 
taneous  over  the  entire  globe,  it  can  happen  only  by  the  earth  as  a 
whole  being  immersed  in  an  external  field  of  greater  or  less  strength 
than  that  contributing  to  the  earth’s  normal  field.  If  the  earth’s  mag¬ 
netization  is  constant  and  the  earth  is  immersed  in  a  uniform  external 
field,  then  a  normal  steady  field  will  surround  the  earth,  compounded 
of  these  two;  this  is  the  observed  normal  H0,D0,V0.  When  the  exter¬ 
nal  field  varies,  the  aH,aD,aY  thus  arising  show  whence  the  cause 
of  the  variation  resides.  We  do  not  need  to  laboriously  compute  poten¬ 
tials  when  the  question  is  so  immediately  settled  by  the  direction  of 
the  deflecting  vectors,  whether  the  disturbances  of  the  normal  field 
come  from  the  outside  or  inside  the  earth. 

VALUE  OF  THE  ANGLE  a  FOR  THE  EUROPEAN  FIELD. 

Turning  to  a  the  altitude  angle  of  the  vector,  it  is  seen  that  the 
irregularity  in  its  values  is  very  great  and  that  this  is  the  least  useful 
of  the  elements.  By  computing  a  large  number  of  months,  extending 
over  several  years,  it  is  concluded  that  in  the  northern  hemisphere 
positive  values  of  a  accompany  southerly  values  of  /? ;  in  a  word,  that  the 
deflecting  forces  enter  the  northern  hemisphere  from  north  to  south; 
they  emerge  in  the  southern  hemisphere  when  directed  southward 
(Chart  8).  At  each  station  on  the  average,  the  vector  enters  the  earth 
at  a  constant  angle;  the  field  is  therefore  moved  as  if  a  component, 
forward  or  back,  were  exerted  along  a  definite  line,  the  amount  of  the 
give  or  take  registering  the  strength  of  the  external  field. 

To  determine  the  values  of  the  angle  a,  it  is  seen,  by  comparing  the 
mean  values  of  the  horizontal  component  o'  and  the  total  vector  force 
s  for  the  same  interval  of  time,  that  they  stand  in  a  nearly  constant 
ratio  to  each  other,  o'  =s  cos  <r;  this  is  persistent  for  a  given  station, 
from  year  to  year.  Confining  the  mean  values  in  the  case  of  March, 
1887,  to  Greenwich,  Paris,  Vienna,  Pawlowsk,  Tiflis,  in  order  to  com¬ 
pare  stations  having  about  the  same  locality  and  having  the  same 
relation  to  the  external  field,  we  find  the  mean  value  of  a  for  March, 
1887,  61.6;  the  mean  value  of  s  for  March,  1887,  85.7,  and  hence 
cos  Of  =  0.7188;  of  = 
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Table  5. — Angle  a  for  European  stations,  by  periods. 


1886. 

1887. 

<T 

s 

COS  a 

a 

<x 

s 

COS  a 

a 

0 

0 

1 

99 

118 

0.84 

33 

51 

75 

0.  70 

46 

2 

64 

77 

0.  85 

32 

63 

81 

0.  78  ; 

39 

3 

99 

130 

0.  77 

39 

31 

94 

0.  65 

49 

4 

88 

124 

0.71 

44 

62 

81 

0.  77 

40 

5 

91 

110 

0.84 

33 

73 

91 

0.  82 

35 

6 

79 

111 

0.  73 

43 

64 

85 

0. 77  1 

40 

7 

67 

126 

0.53 

58 

61 

86 

0. 71  | 

44 

8 

65 

104 

0.  63 

51 

73 

90 

0.  81 

36 

9 

73 

105 

0.  77 

40 

78 

106 

0.  74 

42 

10 

105 

123 

0.  87 

30 

76 

100 

0.  76 

41 

11 

88 

114 

0.  79 

38 

75 

94 

0.  80 

37 

12 

93 

109 

0.  87 

30 

63 

82 

0.  77 

39 

13 

76 

96 

0.  80 

37 

69 

99 

j  0. 70 

46 

14 

68 

85 

0.81 

36 

Mean  a,  1886;  39°  5';  1887,  40°  42'. 


If  the  values  of  a  s  are  thus  combined  by  the  periods  told  off  from 
the  ephemeris  soon  to  be  constructed,  13  in  1880,  and  14  in  1887,  the 
individual  values  of  a  for  each  period  are  given  in  Table  5.  The  mean 
angle  a  for  1886  is  39°  5',  and  for  1887,  40°  42/.  For  Europe  generally 
it  is  about  40°,  and  this  value  persists  for  as  many  years  as  the  angle 
has  been  followed  in  our  computation. 

VALUE  OF  TIIE  ANGLE  fix  FOR  THE  EUROPEAN  FIELD. 

From  the  same  tables  the  mean  angle  fix  is  about  7°  west  of  north  for 
Europe,  as  found  by  taking  mean  values  of  the  angle.  These  angles, 
a  /?i,  determine  the  mean  line  along  which  the  vector  impinges  upon 
the  stations  of  Europe.  Likewise  the  angles  a  fix  have  been  deter¬ 
mined  for  all  available  stations  in  both  hemispheres.  The  result  is 
that  these  vectors  are  impressed  on  the  earth  nearly  along  the  magnetic 
meridians ,  and  as  if  radiating  from  the  center  of  the  auroral  ovals ,  being 
perpendicular  to  the  isochasmen.  (van  Bemmelen,  Meteorol.  Zeit., 
Sept.,  1895.) :  also  that  they  touch  the  surface  of  the  earth  in  the  lines  of 
the  diagram  No.  8,  as  if  the  earth  were  a  shell  of  permeable  magnetic 
material.  These  angles  can  be  constructed  with  accuracy  from  the 
discussion  of  many  observations.  Since  the  vertical  force  is  difficult 
to  observe  very  accurately  in  regular  observatory  work,  and  the  hori¬ 
zontal  component  is  more  steady  and  reliable,  by  the  use  of  the  mean 
angle  a  for  a  given  station  the  horizontal  variations  can  be  made  to 
check  the  results  of  the  vertical-force  instruments,  and  thus  contribute 
substantially  to  their  reliability. 

It  will  be  shown  that  an  increase  in  the  strength  of  the  external 
field  causes  a  diminution  in  the  horizontal  component  and  an  increase 
in  the  vertical  component  over  the  entire  earth  and  that  these  are 
equivalent  to  a  vector  pointing  south  and  entering  the  earth  in  the 
northern  but  emerging  in  the  southern  hemisphere.  This  is  evidently 
a  proof  positive  that  the  earth  is  immersed  in  a  variable  magnetic  field 
external  to  the  earth  and  its  atmosphere. 

10305— No.  21 - 4 
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PERIODIC  REVERSAL  OF  THE  AZIMUTHS  OF  THE  DEFLECTING 
FORCES  DURING  1887. 


Having  shown  the  method  of  determining  the  vectors  of  the  impressed 
forces  at  several  stations,  attention  will  be  directed  to  the  behavior  of 


the  geographical  azimuth  angle  fi x  in  the  year  1887  for  the  same  eleven 
stations.  The  March  values  are  transferred  to  the  proper  place  in 
Table  6  for  1887.  All  the  rows  are  inspected  and  marked  N  or  S,  as 
described.  It  is  readily  perceived  that  the  year -tends  to  be  subdivded 
into  recurring  groups,  consisting  of  about  twenty-seven  days,  and  that 
each  27-day  group  is  generally  composed  of  a  short  part  of  about  eight 
days  and  a  long  portion  of  nineteen  days,  on  the  average.  Thus  we 


have: 

Days. 


Jan.  5-Jan.  13 . 9N 

Jan.  31-Feb.  8 . 9N 

Feb.  25-Mar.  5... . 9N 

Mar.  25- Apr.  2 . 9N 

Apr.  20-Apr.  28 . 9N 

May  18-May  23 . 6N 

June  13- June  20 . 8N 

July  7-July  14 . 8  S 

Aug.  2-Aug.  10 . 9  S 

Aug.  29-Sept.  5 . 8  S 

Sept.  26-Oct.  3 . 8S 

Oct.  24-0 ct.  31 . 8  S 

Nov.  20-No v.  26 . 8  S 

Dec.  16-Dec.  23 . 8  S 


Total 
Days.  days. 

Jan.  14-Jan.  30 . 17  S - 26 

Feb.  9-Feb.  24 . 16  S - 25 

Mar.  6-Mar.  24 . 19  S - 28 

Apr.  3-Apr.  19 . 17  S - 26 

Apr.  29-May  17 . 19  S - 28 

May  24-June  12 . 20  S - 26 

June  21-July  6 . 16  S - 24 

July  15-Aug.  1 . 18  N - 26 

Aug.  11-Aug.  28 . 18  N - 27 

Sept.  6-Sept.  25 . 20  N - 28 

Oct.  4-Oct.  23 . 20  N - 28 

Nov.  1-Nov.  19 . 19  N - 27 

Nov.  27-Dec.  15 . 19  N - 27 

Dec.  24- Jan.  12 . 20  N - 28 


Means 


8. 30 


18. 40 - 26. 70 


51 


Table  6. 

JANUARY,  1887  (0,). 


00 

% 

rd 

o 

03 

© 

bC 

3 
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© 

d 

I* 

.2 

00 

a 

o 

s 
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g 

a 

© 

© 

(O 

S 

ci 

M 

eg 

n 

3 

H 

5 

Ph 

£ 

> 

EH 

CSJ 

w 

i 

327 

185 

204 

29 

42 

359 

351 

151 

332 

251 

349 

N 

2 

348 

236 

226 

161 

9 

1 

29 

306 

318 

348 

N 

3 

56 

211 

280 

81 

351 

191 

167 

338 

328 

349 

NS 

4 

146 

161 

185 

204 

190 

128 

198 

201 

234 

213 

140 

S 

5 

350 

178 

208 

358 

212 

33 

211 

232 

303 

212 

186 

NS 

6 

337 

359 

150 

41 

76 

15 

53  j 

32 

359 

344 

345 

N 

7 

356 

297 

69 

34 

21 

22 

27 

29 

7 

330 

352 

N 

8 

342  ■ 

0 

41 

39 

10 

32 

17 

357 

358 

343 

357 

N 

9 

341 

356 

61 

34 

10 

72 

18 

31 

1 

356 

351 

N 

10 

329 

349 

44 

21 

14 

34 

19 

27 

7 

359 

5 

N 

11 

335 

19 

58 

36 

20 

54 

40 

37 

18 

342 

341 

N 

12 

333 

358 

350 

32 

348 

355 

46 

14 

356 

352 

351 

N 

13 

329  | 

337 

45 

35 

23 

46 

29 

34 

11 

354 

343 

N 

14 

150 

166 

198 

203 

352 

98 

28 

351 

9 

355 

10 

NS 

15 

148 

179 

191 

207 

190 

193 

194 

204 

202 

197 

185 

s 

16 

181 

200 

184 

190 

184 

195 

180 

197 

199 

180 

159 

S 

17 

172 

200 

222 

194 

241 

21 2 

170 

200 

176 

148 

s 

18 

173 

’  ’  ’ 194 

212 

216 

212 

181 

229 

230 

209 

168 

241 

S 

19 

191 

204 

315 

237 

131 

193 

197 

204 

225 

193 

157 

s 

20 

165 

151 

322 

198 

165 

176 

212 

270 

212 

202 

185 

s 

21 

179 

118 

189 

181 

100 

156 

147 
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224 

169 
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s 

22 

261 

296 

1 

351 

113 

17 

90 

344 

151 

154 

s 

23 

163 

198 

9 

191 

158 

108 

170 

170 

159 

168 

s 

24 

170 

158 

276 
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218 

192 

158 

88 

1 66 

s 

25 

159 

100 

27 

234 

174 

169 

163 

165 

225 

184 

167 

s 

26 

194 

69 

21 

193 

219 

204 

160 

208 

233 

127 

160 

s 

27 

179 

0 

322 

224 

4 

21 1 

171 

190 

211 

134 

164 

s 

28 

190 

70 

4 

287 

354 

276 

26 

156 

39 

91 

174 

N 

29 

171 

67 

10 

194 

18  ' 

271 

75 

270 

245 

113 

164 

NS 

30 

215 

47 

22 

22 

191 

270 

216 

138 

223 

91 

162 

NS 

31 

245 

353 

11 

352 

359 

285  i 

13 

270  I 

10 

89 

4 

N 

FEBRUARY,  1887  (/?,)• 


1 

191 

309 

357 

207 

242 

226 

227 

222 

208 

327 

15 

S 

2 

274 

3 

34 

69 

231 

107 

260 

99 

193 

351 

NS 

3 

196 

4 

353 

1 

306 

11 

346 

13 

303 

359 

N 

4 

341 

14 

8 

42 

126 

341 

2 

44 

15 

10 

346 

N 

5 

189 

26 

2 

105 

210 

299 

251 

244 

268 

347 

356 

N 

6 

317 

13 

31 

41 

142 

309 

20 

90 

37 

182 

305 

N 

7 

317 

346 

60 

54 

80 

25 

55 

90 

33 

270 

349 

N 

8 

324 

1S6 

62 

31 

24 

16 

30 

61 

39 

286 

332 

N 

9 

171 

186 

184 

292 

10  1 

250  1 

246 

287 

4 

352 

2 

NS 

10 

12 

274 

191 

3 

28 

42 

14 

90 

337 

216 

342 

N 

11 

357 

184 

191 

36 

45  ; 

60 

16 

8 

340 

346 

52 

N 

12 

158 

181 

211 

222 

208  | 

202 

218 

197 

195 

244 

142 

S 

13 

167 

208 

215 

208 

208 

238 

211 

229 

201 

195 

181 

S 

14 

152 

178 

210 

244 

211 

226 

231 

203 
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180 

205 

s 

15 

191 

211 

204 

|  198 

214 

209 

194 

218 

183 

177 

193 

s 

16 

212 

140 

204 

202 

89 

223 

203 

181 

198 

189 

201 

s 

17 

100 

166 

203 

183 

297 

8 

355 

339 

188 

208 

NS 

18 

355 

193 

270 

352 

272 

354 

359 

338 

238 

334 

N 

19 

196 

185 

356 

22 

160 

11 

310 

322 

1 

355 

N 

20 

237 

86 

199 

167 

179 

143 

160 

211 

202 

359 

126 

S 

21 

117 

198 

102 

177 

171 

136 

191 

176 

193 

133 

150 

s 

22 

137 

136 

97 

157 

152 

104 

101 

177 

205 

32 

200 

s 

23 

160 

175 

12 

196 

192 

211 

182 

217 

209 

354 

197 

s 

24 

176 

20 

16 

166 

215 

27 

179 

91 

154 

17 

186 

s 

25 

332 

17 

15 

67 

83 

26 

31 

33 

29 

20 

182 

N 

26 

56 

335 

16 

66 

282 

11 

23 

39 

48 

1 

162 

N 

27 

317 

152 

84 

113 

138 

21 

180 

300 

242 

2 

181 

N 

28 

•  5 

342 

24 

106 

66 

13 

37 

51 

22 

25 

199 

N 

52 

Table  6 — Continued. 
MARCH,  1887  (ft). 
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29 

61 

6 

57 

21 

66 
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N 
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23 
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9 

20 

7 

32 

40 
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N 

8 
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357 

43 

16 

16 

0 

18 

29 

7 

312 
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4 

10 

6 

44 

18 

26 

7 

26 

44 

17 

15 
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N 

5 

69 

32 

45 
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8 
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29 

43 

9 
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N 

6 
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221 
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S 

7 
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8 
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314 

s 
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191 
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195 
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s 
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29 
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40 
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14 
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37 

29 
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89 

32 
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183 

NS 
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54 
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21 

58 

29 
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247 
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17 

22 
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91 

39 
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18 

22 
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49 
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18 

28 

17 

6 
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N 

19 

3 
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0 
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1 
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15 

8 
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N 

20 

59 
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11 

33 
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N 

21 
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24 
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53 
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21 

N 

27 
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22 

97 
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12 

28 

75 

35 
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N 

28 
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294 

38 

102 

91 
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11 
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APRIL,  1887  (/3j). 
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281 

19 

336 

341 

260 

293 

22 

2 

358 

N 

24 

336 

5 

322 

2 

358 

201 

351 

102 

141 

42 

152 

N 

25 

242 

112 

132 

113 

136 

98 

153 

139 

179 

282 

118 

S 

26 

330 

22 

359 

44 

11 

330 

62 

28 

61 

257 

154 

N 

27 

342 

19 

8 

26 

14 

341 

18 

17 

20 

1 

359 

N 

28 

120 

158 

334 

344 

348 

3 

334 

333  | 

320 

357 

9 

N 

29 

187 

174 

223 

184 

206 

152 

185 

184 

192 

186 

183 

S 

30 

0 

194 

285  ; 

224 

347 

335 

184 

130 

169 

178 

162 

s 

53 


Table  6 — Continued. 
MAY,  1887  (J3j). 


>> 

a 

« 

Los  Angeles. 

Toronto. 

Greenwich. 

Paris. 

Prague. 

Vienna. 

£ 

o 

Is 

cS 

Pn 

Tiflis. 

*s 

1* 

cS 

M 

N 

Batavia. 

1 

243 

114 

232 

217 

238 

316 

233 

233 

318 

355 

116 

S 

2 

202 

209 

338 

44 

303 

292 

71 

133 

324 

260 

175 

N 

3 

153 

167 

294 

195 

203 

167 

195 

219 

308 

80 

190 

S 

4 

171 

144 

329 

216 

207 

241 

194 

188 

312 

311 

186 

S 

5 

148 

161 

318 

271 

204 

224 

207 

174  1 

123 

320 

215 

s 

6 

171 

183 

9 

241 

187 

226 

165 

10 

264 

190 

183 

s 

7 

140 

61 

323 

205 

202 

234 

191 

210 

236 

192 

247 

s 

8 

352 

61 

59 

240 

170 

194 

164 

78 

30 

188 

6 

NS 

9 

326 

70 

38 

43 

176 

3 

93 

331 

4 

183 

336 

N 

10 

279 

57 

46 

25 

166 

41 

65 

46 

16 

1 

4 

N 

11 

324 

3 

66 

41 

100 

58 

82 

11.5 

26 

17 

358 

N 

12 

344 

347 

26 

19 

26 

31 

21 

24 

11 

359 

5 

N 

13 

30 

50 

33 

343 

357 

87  ! 

10 

89  1 

74 

356 

178 

N 

14 

189 

146 

126 

65 

143 

86  ! 

61 

57  1 

222 

357 

120 

NS 

15 

75 

202 

161 

75 

168  | 

143 

188 

175 

161 

6 

204 

S 

16  i 

86 

321  | 

173 

345 

189 

168 

203 

181 

178 

347 

56 

s 

17 

161 

332 

159 

.83 

187 

239 

199 

244 

84 

336 

342 

s 

18 

218 

305 

154 

22 

24 

160 

4 

352 

176 

6 

135 

s 

19 

168 

22 

40 

16 

13 

332 

37 

60 

174 

16 

318 

N  - 

20 

25 

41 

203 

206 

209 

261 

195 

202 

159 

44 

170 

s 

21 

6 

12 

204 

355 

1 

340 

354 

354 

1 

243 

5 

N 

22 

301 

84 

199 

i  67 

18 

18 

356 

319 

330 

276 

11 

N 

23 

8 

303 

340 

35 

29 

34 

20 

42 

32 

32 

4 

N 

24 

303 

201 

195 

188 

197 

136 

195 

195 

351 

185 

186 

s 

25 

122 

168 

192 

181 

186 

165 

190 

203 

10 

186 

181 

S 

26 

46 

67 

308 

188 

211 

150 

221 

252 

194 

152 

162 

s 

27 

127 

73 

304 

238 

252 

288 

248 

317 

172 

353 

NS 

28 

157 

-207 

357 

168 

199 

181 

190 

182 

182 

191 

S 

29 

171 

194 

322 

191 

100 

6 

113 

64 

179 

340 

329 

s 

30 

41 

300 

327 

305 

292 

215 

23 

154 

232 

170 

N 

31 

23 

18 

308 

337 

312 

161 

159 

156 

175 

NS 

JUNE,  1887  (ft). 


1 

232 

149 

344 

324 

299 

180 

299 

321 

176 

345 

N 

2 

5 

52 

274 

314 

241 

205 

264 

253 

173 

8 

s 

3 

342 

53 

6 

267 

352 

283 

354 

190 

5 

194 

356 

N 

4 

324 

19 

24 

14 

8 

302 

10 

7 

355 

303 

353 

N 

5 

152 

152 

180 

179 

171 

218 

186 

74 

194 

200 

201 

S 

6 

7 

358 

187 

250 

305 

256 

209 

192 

202 

155 

169 

s 

7 

32 

51 

172 

121 

100 

231 

165 

195 

56 

348 

322 

NS 

8 

334 

'  306 

32 

18 

36 

316 

31 

47 

43 

83 

43 

N 

9 

332 

277 

338 

340 

334 

273 

28 

334 

16 

168 

14 

N 

10 

300 

96 

142 

101 

166 

259 

222 

131 

160 

198 

179 

S 

11 

286 

359 

168 

33 

24 

220 

112 

85 

95 

9 

33 

NS 

12 

273 

313 

191 

18 

280 

230 

185 

236 

108 

11 

10 

NS 

13 

170 

198 

205 

203 

192 

195 

184 

35 

181 

232 

195 

s 

14 

63 

264 

188 

179 

194 

227 

195 

22 1 

208 

179 

175 

s 

15 

151 

43 

284 

197 

216 

257 

202 

224 

217 

186 

175 

s 

16 

155 

16 

3 

48 

199 

253 

167 

232 

240 

206 

209 

s 

17 

44 

33 

344 

336 

306 

285 

309 

326 

294 

93 

322 

N 

18 

349 

337 

23 

26 

23 

25 

21 

34 

337 

7 

18 

N 

19 

291 

331 

35 

51 

55 

103 

32 

25 

327 

350 

237 

N 

20 

43 

217 

234 

307 

17 

54 

311 

184 

35 

13 

174 

N 

21 

202 

262 

179 

217 

152 

86 

219 

147 

156 

0 

171 

S 

22 

191 

157 

209 

233 

212 

140 

226 

247 

194 

11 

171 

s 

23 

203 

156 

202 

286 

187 

152 

282 

239 

202 

356 

168 

s 

24 

161 

149 

190 

176 

155 

124 

353 

171 

168 

181 

s 

25 

210 

96 

188 

135 

170 

118 

165 

337 

192 

187 

200 

s 

26 

277 

29 

278 

288 

343 

36 

35 

103 

69 

235 

200 

N 

27 

233 

30 

167 

164 

28 

74 

121 

137 

133 

326 

225 

NS 

28 

253 

4 

185 

302 

340 

71 

76 

232 

299 

354 

173 

N 

29 

347 

359 

81 

28 

19 

41 

39 

43 

19 

0 

190 

N 

30 

322 

11 

155 

33 

12 

43 

23 

358 

5 

357 

298 

N 

54 

Table  6 — Continued. 
JULY,  1887  O,). 


>5 

« 

P 

Los  Angeles. 

© 

o 

Greenwich,  j 

Paris. 

Pola. 

Prague. 

Vienna. 

02 

£ 

o 

% 

c3 

P 

Tiflis. 

*s 

£ 

cS 

M 

N 

ct 

1 

pq 

1 

2 

3 

4 

5 

6 

263 

237 

266 

317 

311 

151 

35 
349 

11 

95 

36 

144 

162 

146 

169 

67 

49 

172 

107 

16 

123 

35 

18 

198 

29 

14 

48 

28 

16 

237 

54 

5 

13 

25 

7 

131 

209 

251 

261 

14 

10 

230 

105 

318 

293 

17 

24 

354 

146 

186 

359 

15 

16 
253 

9 

1 

6 

8 

2 

4 

5  U 

356  U 

12  U 

0  U 

4  U 

21  S 

7 

148 

20S 

189 

199 

152 

194 

183 

184 

166 

176  S 

8 

162 

209 

193 

192 

191 

142 

205 

193 

190 

100 

180  S 

9 

219 

176 

195 

211 

206 

171 

202 

201 

192 

168 

180  S 

10 

153 

195 

156 

72 

227 

116 

211 

230 

216 

177 

348  S 

11 

138 

200 

180 

200 

234 

187 

204 

244 

195 

177 

251  S 

12 

128 

184 

175 

180 

153 

185 

182 

188 

190 

179 

182  S 

13 

163 

219 

190 

198 

210 

202 

191 

216 

188 

184 

191  S 

14 

28 

95 

287 

260 

277 

240 

228 

206 

215 

180 

171  S 

15 

32 

298 

15 

63 

168 

230 

42 

36 

48 

182 

14  U 

16 

36 

35 

10 

202 

11 

230 

18 

135 

67 

184 

205  US 

17 

7 

117 

248 

301 

238 

244 

270 

233 

252 

187 

196  S 

18 

4 

20 

307 

294 

315 

297 

237 

348 

1 

189 

348  U 

19 

90 

301 

228 

305 

42 

180 

57 

9 

322 

180 

303  U 

20 

137 

284 

0 

344 

278 

311 

280 

280 

232 

179 

211  U 

21 

13 

69 

196 

314 

210 

226 

221 

277 

186 

188 

161  S 

22 

353 

42 

335 

1 

85 

17 

47 

6 

62 

204 

100  U 

23 

46 

3 

16 

15 

18 

353 

348 

338 

208 

41  U 

24 

21 

15 

90 

26 

137 

67 

25 

58 

219 

110  u 

25 

28 

20 

59 

23 

106 

39 

35 

356 

32 

221 

21  U 

26 

336 

33 

36 

5 

78 

322 

8 

61 

53 

295 

343  U 

27 

329 

350 

22 

30 

60 

350 

18 

16 

12 

348 

17  U 

28 

355 

12 

336 

359 

70 

355 

14 

348 

328 

2 

2  U 

29 

349 

1 

4 

10 

30 

303 

17 

18 

20 

347 

24  U 

30 

351 

4 

346 

23 

43 

350 

29 

16 

31 

5 

19  U 

31 

356 

10 

352 

1 

21 

34 

331 

26 

3 

5 

349 

7  U 

AUGUST,  1887  (/?,). 


1 

179 

232 

n 

18 

8 

283 

21 

8 

9 

359 

352 

U 

2 

176 

212 

261 

218 

223 

191 

198 

187 

189 

155 

182 

s 

3 

171 

187 

144 

151 

194 

171 

182 

216 

202 

137 

174 

s 

4 

161 

167 

204 

186 

194 

176 

189 

235 

194 

172 

175 

s 

5 

176 

178 

158 

134 

117 

162 

131 

124 

172 

180 

182 

s 

6 

174 

106 

228 

226 

193 

179 

204 

209 

192 

188 

206 

s 

7 

167 

163 

217 

237 

171 

194 

207 

204 

202 

181 

185 

s 

8 

157 

201 

206 

237 

172 

189 

195 

200 

183 

172 

196 

s 

9 

19 

36 

257 

307 

244 

174 

230 

250 

278 

347 

325 

s 

10 

339 

47 

184 

345 

224 

142 

273 

258 

341 

174 

350 

US 

11 

13 

28 

160 

16 

208 

131 

274 

294 

325 

193 

351 

US 

12 

349 

1 

191 

9 

328 

120 

312 

231 

344 

174 

'  359 

u 

13 

344 

354 

110 

35 

24 

77 

13 

13 

3 

6 

7 

u 

14 

344 

294 

173 

9 

9 

71 

359 

17 

2 

27 

345 

u 

15 

212 

339 

206 

320 

267 

197 

278' 

279 

330 

4 

226 

US 

16 

36 

171 

155 

57 

79 

98 

119 

144 

218 

184 

172 

s 

17 

7 

324 

117 

73 

43 

34 

88 

20 

12 

197 

346 

u 

18 

347 

341 

83 

65 

38 

128 

38 

4 

338 

211 

348 

u 

19 

341 

45 

191 

337 

30 

149 

38 

42 

33 

154 

4 

u 

20 

1 

23 

104 

53 

31 

24 

27 

30 

19 

25 

350 

u 

21 

22 

9 

173 

16 

2 

11 

1 

11 

7 

353 

351 

u 

22 

327 

13 

188 

192 

154 

I  15 

178 

356 

60 

352 

348 

US 

23 

330 

357 

179 

168 

79 

2 

15 

343 

5 

19 

13 

u 

24 

359 

13 

123 

17 

43 

7 

21 

43 

69 

9 

357 

u 

25 

321 

352 

42 

18 

32 

12 

15 

17 

17 

0 

3 

u 

26 

359 

li 

26 

1 

39 

11 

12 

12 

16 

350 

345 

u 

27 

8 

9 

13 

346 

12 

357 

354 

5 

24 

29 

337 

u 

28 

342 

165 

4 

288 

266 

333 

291 

321 

349 

5 

338 

u 

29 

189 

187 

16 

196 

203 

341 

234 

207 

197 

155 

191 

s 

30 

188 

182 

36 

199 

173 

256 

182 

184 

182 

164 

176 

s 

31 

223  | 

177 

16 

255 

57 

332 

186 

102 

176 

161 

176 

s 

I 


55 


Table  6 — Continued. 
SEPTEMBER,  1887  03,). 


Los  Angeles. 

1 

|  Toronto. 

Greenwich. 

Paris. 

Pola. 

Prague. 

1 

e8 

a 

a 

.<D 

to 

o 

Tiflie. 

Zi-Ka-Wai.  ! 

Batavia. 

220 

158 

34 

182 

176 

176 

160 

184 

195 

186 

182 

153 

96 

11 

s 

177 

169 

23 

189 

180 

181 

185 

188 

260 

348 

0 

s 

$ 

164 

165 

313 

194 

183 

196 

177 

198 

169 

9 

198 

162 

172 

139 

170 

s 

303 

6 

12 

152 

161 

169 

150 

166 

7 

s 

321 

343 

20 

76 

148 

177 

196 

186 

21 

357 

11 

N 

N 

N 

N 

N 

332 

322 

12 

7 

. 58.j 

25 

17 

355 

317 

349 

346 

10 

5 

16 

27 

g 

173 

6 

2 

357 

21 

15 

21 

27 

13 

207 

179 

2 

351  | 

301 

20 

14 

. 

33 

52 

20 

25 

75 

303 

299 

320 

333 

357 

15 

190 

10 

N 

6 

2 

256 

258 

247 

330 

3 

168 

359 

NS 

359 

14 

209 

312 

3 

65 

4 

199 

344 

N 

341 

236 

23 

24 

18 

26 

16 

357 

0 

N 

197 

233 

148 

26 

87 

351 

324 

358 

356 

350 

N 

s 

297 

19 

133 

60 

96 

59 

97 

159 

225 

196 

324 

1 

10 

354 

111 

343 

45 

31 

93 

320 

N 

321 

357 

31 

44 

106 

292 

28 

13 

93 

359 

N 

352 

11 

40 

21 

80 

21 

13 

9 

4 

356 

N 

344 

356 

47 

4 

65 

32 

17 

5 

10 

45 

N 

325 

1 

41 

32 

. 

34 

43 

19 

166 

14 

N 

344 

306 

104 

62 

. 

64 

84 

45 

93 

350 

N 

74 

42 

263 

308 

342 

294 

353 

6 

6 

N 

20 

349 

211 

87 

351 

226 

212 

357 

192 

NS 

171 

182 

270 

289 

280 

309 

3 

5 

N 

174 

169 

188 

193 

196 

190 

176 

190 

S 

S 

s 

173 

176 

175 

167 

210 

194 

202 

185 

220 

188 

198 

192 

186 

185 

183 

157 

175 

180 

111 

195 

201 

201 

194 

206 

201 

0 

183 

s 

110 

99 

204 

205 

198 

196 

179 

357 

177 

s 

OCTOBER,  1887  ((3,). 


1 

2 

3 

116 

151 

25 

179 

176 

201 

1 

142 

151 

47 

194 

195 

. . j 

1 

189 

189 

192 

202 
178  ! 
217 

179 

190 

204 

175  ! 

184 

186 

111 

313 

348 

199 

I 

4 

9 

185  1 

35 

174  | 

165 

175 

14 

187  i 

352 

NS 

5  J 

327 

335 

34 

44 

83 

38 

15 

218 

353 

N 

6 

285 

140 

56 

27 

138 

35 

17 

273 

357 

N 

7 

346 

322 

23 

339 

135 

11 

10 

186 

32 

N 

8 

11 

14 

79 

90 

196 

5 

2 

273 

349 

N 

9 

342 

33 

50 

21 

225 

233 

348 

343 

199 

335 

N 

10 

325 

275 

44 

27 

9 

44 

334 

5 

204 

351 

N 

11 

334 

329 

153 

327 

338 

324 

4 

338 

196 

357 

N 

12 

175 

236 

179 

261 

323 

305 

2 

190 

216 

s 

13 

138 

167 

190 

217 

213 

124 

232 

172 

172 

S 

14 

120 

169  i 

198 

221 

11 

214 

202 

202 

182 

180 

s 

15 

336 

6 

172 

52 

22 

42 

114 

178 

188 

172 

s 

16 

338 

11  i 

138 

35 

14 

57 

94 

69 

237 

20 

N 

17 

332 

329  1 

46 

31 

28 

26 

48 

31 

77 

4 

N 

18 

3 

331 

28 

355 

17 

12 

33 

19 

330 

4 

N 

19 

340 

357 

66 

37 

21 

21 

17 

15 

356 

10 

N 

20 

343 

1 

51 

39 

27 

21 

36 

22 

15 

15 

N 

21 

9 

349 

25 

25 

12 

13 

17 

14 

24 

1 

N 

22 

297 

85 

134 

162 

18 

175 

21 

9 

215 

!  207 

N 

23 

174 

227 

247 

256 

326 

255 

291 

302 

12 

116 

N 

24 

78 

173 

157 

85 

336 

116 

118 

1  120 

164 

168 

S 

25 

283 

49 

156 

82 

333 

27 

340 

257 

342 

223 

NS 

26 

169 

146 

171 

165 

299 

175 

197 

202 

335 

191 

S 

27 

164 

172 

191 

199 

264 

198 

203 

195 

171 

•  185 

s 

28 

146 

186 

261 

128 

232 

164 

171 

188 

216 

176 

s 

29 

191 

330 

270 

18 

303 

337 

358 

301 

18 

112 

NS 

30 

146 

71 

331 

170 

240 

186 

182 

206 

9 

177 

s 

31 

178 

246 

297 

157 

272 

332 

137 

341 

319 

159 

NS 

56 


Table  6 — Continued. 


NOVEMBER,  1887  (fa). 


GO 

’o 

© 

bD 

© 

P 

© 

© 

■2 

03 

© 

pH 

e3 

*0 

(-1 

H 

o 

Ah 

197 

246 

311 

123 

97 

71 

346 

342 

333 

108 

258 

356 

60 

55 

246 

24 

354 

270 

57 

262 

1 

3 

354 

48 

293 

356 

3 

0 

56 

344 

5 

353 

45 

32 

227 

189 

2 

2 

33 

224 

264 

359 

37 

76 

241 

198 

111 

184 

175 

336 

10 

15 

182 

40 

38 

329 

21 

20  S 

113 

349 

9 

22 

358 

339 

353 

10 

356 

16 

330 

69 

7 

22 

341 

347 

74 

22 

22 

30 

327 

139 

18 

6 

334 

269 

192 

346 

358 

252 

236 

02 

27 

129 

193 

250 

223 

156 

146 

212 

206 

145 

177 

195 

194 

200 

140 

166 

190 
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While  there  is  some  irregularity  in  certain  months,  especially  May 
and  June,  where  the  impressed  magnetic  forces  always  act  with  minimum 
power  in  the  Northern  Hemisphere — that  is,  in  the  summer — the  periodic 
grouping  of  the  N  and  S  values  of  /?i  is  a  pronounced  phenomenon. 
Furthermore,  it  persists  certainly  through  the  twelve  years  1878-1889 
with  the  same  decisiveness  as  is  displayed  in  1887.  It  will  be  observed 
that  the  length  of  the  groups  change  from  N  (short)  S  (long),  to  S  (short) 
N  (long)  in  the  course  of  the  year.  This  is  the  first  symptom  of  the  phe¬ 
nomenon  of  inversion,  one  whose  explanation  has  cost  much  labor,  as 
it  lies  at  the  very  foundation  of  this  complex  subject.  The  superiority 
of  this  process  in  determining  the  magnetic  periodicity  over  the  Gaus¬ 
sian  least-square  method  is  obvious,  because  it  locates  definitely  the 
date  of  the  beginning  of  the  period,  and  thus  gives  an  epoch  from  which 
to  make  a  long  run  by  an  ephemeris.  The  beginning  of  the  period  is 
also  independent  of  inversion,  and  this  is  the  condition  in  which  the 
Gaussian  method  fails.  It  is  now  plain,  by  referring  to  the  normal 
curve  (chart  9),  that  the  peculiar  break  at  the  eighth  day  coincides  with 
the  deepest  depression  in  the  curve,  and  that  inversion  will  change  the 
order  NS  to  SN.  A  complete  study  of  these  tables,  extending  from 
1878  to  1889,  inclusive,  shows  that  the  period  of  26.70  days  can  be  usually 
subdivided  into  four  portions,  the  divisions  coming  at  the  first,  the 
eighth,  the  fifteenth,  and  the  twenty-first  days,  respectively.  Hence, 
four  parallel  groups  of  dates  can  be  simultaneously  determined.  The 
columns  NS  were  collected  for  the  twelve  years,  1878-1889,  and  the 
divisions  between  N  and  S  marked  as  they  occur.  The  apparent  irreg¬ 
ularities  are  merely  the  effects  of  the  forces  in  their  effort  to  establish 
the  minor  typical  subdivisions.  The  common  type  is,  however,  a  long 
central  portion,  with  short  portions,  one  at  either  end,  corresponding  to 
the  depressions  at  the  sides  of  the  normal  curve  below  the  mean  value 
of  the  vector  system. 

APPROXIMATE  VALUES  OF  THE  26.68  DAY  PERIOD— A  TRIAL  EPHEMERIS. 

The  approximate  value  of  the  period  was  computed  as  follows: 
Taking  the  first  date  of  the  period,  as  found  by  the  process  described, 
reduce  to  a  June  epoch  by  adding  26.70  x  n  days  to  the  given  date. 
These  June  values  are  shown  for  1878, 1886, 1887,  and  they  indicate  the 
accuracy  with  which  the  period  tends  to  recur  on  individual  dates  as 
marked  by  the  azimuth  reversals.  Counting  out  the  number  of  revolu¬ 
tions  between  the  epochs  found  for  these  years,  with  the  approximate 
period  26.70,  these  separate  determinations  are: 

June  16.5,  1878 — June  4.0,  1886,  26.692  days,  synodic  period; 

June  16.5,  1878 — June  12.2,  1887,  26.683  days,  synodic  period; 

June  4.0,  1886 — June  12.2,  1887,  26,657  days,  synodic  period; 
from  which  26.68  is  taken  as  the  adopted  period,  with  the  epoch  June 
12.22,  1887.  From  this  was  constructed  the  trial  ephemeris,  whose 


58 


January  dates  for  twelve  years  are  given  in  Table  7.  The  equation  of 
condition  is  formed  as  described  in  the  table. 

A  E  +  X  =  D  —  (E  +  w  26.68)  residual. 


Table  7. — Method  of  deducing  the  trial  period  and  ephemeris. 


1878. 

1886. 

1887. 

Jan.  7 

+  26.  7  X  6  -- 

+ 160.  2 

June  16.  7 

Jan.  19 

June  1. 5 

Jan.  5 

June  14.  2 

Feb.  3 

X5 

133.5 

16.5 

Feb.  16 

2.8 

Jau.  31 

13.5 

Mar.  1 

X4 

106.8 

15  8 

Mar.  16 

4.1 

Feb.  25 

11.8 

Mar.  28 

X3 

80.1 

16.1 

Apr.  12 

4.4 

Mar.  25 

13.1 

Apr.  25 

X2 

53.4 

17.4 

May  9 

4.7 

Apr.  20 

12.4 

May  23 

XI 

26.7 

18.7 

J une  5 

5.0 

May  18 

13.7 

June  14 

0 

0.0 

14.  0 

July  3 

6.3 

June  13 

13.0 

July  12 

—  26.7X1  = 

—  26.7 

15.3 

July  27 

3.6 

July  7 

10.3 

Aug.  13 

X2 

53.4 

20.6 

Aug.  23 

3.  9 

Aug.  2 

9.6 

Sept.  6 

X3 

80.1 

17.9 

Sept.  18 

3.2 

Aug.  29 

9.9 

Oct.  1 

X4 

106.8 

16.2 

Oct.  15 

3.5 

Sept.  26 

11.2 

Oct.  25 

X5 

133.5 

13.5 

Nov.  12 

4.8 

Oct.  24 

12.5 

Nov.  23 

X6 

160.2 

15.8 

Dec.  8 

4.  1 

Nov.  20 

12.8 

Dec.  21 

X7 

186.9 

17.  1 

Dec.  16 

12.1 

June  16. 5 

June  4.  0 

June  12.  2 

IJ?volu-  Days.  Sya?djc 
tions.  -r  period. 

1878  June  16. 5  to  1886  June  4.  0 . . . . ...  109  2,909.5  26.692 

1878  June  16.  5  to  1887  June  12.  2  .  123  3,282.7  26.683 

1886  June  4.  0  to  1887  June  12.  2  . .  14  373.2  26.  657 

Adopted  period,  26.68 ;  epoch,  1887  June  12.22. 

EPHEMERIS.  E  =  adopted  epoch ;  A  E  its  correction. 

26.  68  =  adopted  period ;  x  its  correction. 

1878 —  Jan.  8.50  '  1884 — Jan.  5.26  D —  observed  date  derived  as  above. 

1879—  Jan.  17.  02  1885— Jan.  12.  78  n  —  number  of  revolutions  from  epoch. 

1880—  Jan.  25.  54  I  1886— Jan.  21.  30 

1881—  Jan.  6.  38  !  1887— Jan.  3.14  E  +  A  E  +  n  (26.68  4  x)  =  D 

1882—  Jan.  14.  90  1888— Jan.  11.  66  A  E  +  nx=-  D —  (Ed- n  26.68). 

1883 —  Jan.  23. 42  J  1889 — Jan.  19. 18  Residuals. 


FOUR  PARALLEL  SYSTEMS  OF  DATES  ;  EQUATIONS  OF  CONDITIONS; 

NORMAL  EQUATIONS  AND  SOLUTION. 

In  the  next  Table  8,  under  the  head  u  Observation  dates,”  are  collected 
the  four  parallel  systems  of  dates,  all  reduced  to  June,  which  were 
derived  from  the  systems  of  XS  reversals  in  azimuth  of  the  angle  fti. 
In  each  year  only  such  individual  dates  were  admitted  to  this  compu¬ 
tation  as  showed  a  clearly  marked,  abrupt  transition.  Thus  in  1887  two 
or  three  dates  were  omitted  in  the  summer,  which  changed  the  mean 
epoch  from  June  12.22to  June  12.87.  The  mean  interval  elapsedbetween 
the  successive  sets  I,  II,  III,  IY  is  7.60,  9.29,  5.17  days,  respectively, 
and  those  values  are  employed  in  taking  out  the  corresponding  dates 
from  the  provisional  ephemeris  E  -f-  n  x  26.68.  The  residuals  are  I)  — 
(E-)-mx  26.68)  and  are  arranged  in  four  parallel  columns.  The  equa¬ 
tions  of  condition  are  A  E  -\-nx  =  D  —  (E  -f  n  26.68).  Each  solution  I, 
II,  III,  IY  is  conducted  separately,  and  the  four  values  in  the  solu¬ 
tions  for  A  E  and  x  are  given. 


Table  8. — Formation  and  solution  of  the  equations  of  condition. 
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The  mean  correction  for  the  epoch  June  12.22, 1887,  is  +0.93375,  and 
the  mean  correction  to  the  period  26.68  days  is  —0.00072.  The  result¬ 
ing  period  is — 

26.67928d  =26d  16 11  18m  9.8s  synodic. 

24.86319 d  =24 d  20  h  42  m  59.6  s  siderial. 

The  mean  daily  siderial  motion  is  868. 7 

Further  experience  with  the  normal  curve  has  induced  me  to  change 
the  epoch  June  12.22  by  +0.93,  also  +0.57  (arbitrary).  This  latter  cor¬ 
rection  does  two  things:  It  throws  the  epoch  squarely  upon  one  of  the 
rectangular  axes  of  the  normal  curve,  to  be  described  hereafter,  and  it 
matches  better  with  the  American  weather  system,  counting  the 
Dakota  region  as  one  day  elapsed.  Being  a  practical  adjustment  of 
the  epoch  only,  and  not  affecting  the  period,  it  has  its  justification  in 
experience.  My  final  ephemeris  has  the  epoch  June  13.72,  1887,  and 
the  period  26.67928  days.  (See  Bulletin  No.  20.) 

The  periodic  action  of  azimuth  reversal  within  the  terrestrial  mag¬ 
netic  field  is  therefore  the  exclusive  basis  of  the  adopted  period.  The 
inference  that  it  is  the  effect  of  the  direct  continuous  magnetic  action 
of  the  sun  is  so  obvious  as  to  go  without  saying,  (1)  because  no  other 
known  agency  is  capable  of  producing  such  a  persistent  periodicity, 
and  (2)  because  the  period  itself  is  in  agreement  with  the  known 
approximate  period  of  revolution  of  the  sun  at  the  equator,  as  deter¬ 
mined  by  observations  on  the  sun  spots.  Thus  we  have,  as  in  Table  1 : 

Siderial. 


Carrington's  motion  at  the  sun’s  equator .  867.  0 

Spoerer’s  motion  at  the  sun’s  equator .  881. 5 

Faye’s  motion  at  the  sun’s  equator . .  863. 0 

Tisserand’s  motion  at  the  sun’s  equator .  858. 0 


Mean  motion  at  the  sun’s  equator . .  867. 4 


The  arithmetical  mean  of  these  four  results  is  867.4',  and  happens  to 
agree  with  my  determination  within  1.3  '  arc,  sufficiently  close  to  afford 
strong  presumptive  evidence  that  the  rotation  of  a  solar  nucleus  is  at 
the  basis  of  the  two  types  of  phenomena,  one  on  the  sun  and  one  on 
the  earth. 


Chapter  3. 


ANALYSIS  OF  THE  POLAR  MAGNETIC  FIELD  ALONG  THE 
TERRESTRIAL  MERIDIANS. 

EXAMPLE  OF  THE  COMPUTATION  FOR  FORT  RAE. 

Having  shown  the  method  of  discussing  the  observations,  and  the 
fact  that  these  disclose  a  periodicity  in  the  variations  of  the  actual 
field  ou  the  normal,  as  measured  by  the  impressed  vectors,  we  proceed 
to  elaborate  this  vector  system,  especially  in  north  and  south  lines. 
The  average  angle  that  the  vectors  make  with  the  horizontal  plane  in 
Europe  is  about  40  degrees,  and  they  act  nearly  along  the  magnetic 
meridians.  Hence  the  variations  of  the  horizontal  component  becomes 
the  simplest  index  of  the  state  of  the  impressed  field  at  any  station,  and 
would  be  a  complete  indication  of  the  same  if  the  vertical  angle  was 
always  constant.  There  is,  however,  much  irregular  disturbance  in 
the  lines  of  the  earth’s  field,  and  it  is  necessary  to  resort  to  averages 
at  each  station  to  determine  the  vectors  of  the  mean  deflecting  system. 

It  was  found  that  the  magnetic  observations,  complete  in  the  three 
elements  for  a  year,  were  available  at  twenty-six  stations,  whose 
names  and  magnetic  latitude  are  given  in  Table  10,  as  well  as  the 
year  from  which  the  observational  data  was  extracted.  As  Kingua 
Fjord  has  some  gaps  in  the  vertical  force,  Fort  Eae  is  selected  as  the 
station  for  a  specimen  of  the  work,  which  is  found  in  Table  9. 

Table  9. — Deflecting  forces  separated  into  southward  and  northward  groups. 

Station :  Fort  Itae.  (4»  43m  W. ;  +62°  39'  N.) 


[/3  =  magnetic  azimuth.  a  —  vertical  angle.  s  =  total.  tr  = horizontal  (5th).] 
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-  40 

33 

25 

5 

9 

—  62 

D 

90 

14 

220 

30 

28 

24 

10 

0 

88 

28 

1 

6 

4 

—  62 

I) 

68 

15 

232 

11 

20 

28 

11 

58 

0 

9 

9 

7 

292 

—  83 

1) 

15 

16 

225 

—  82 

65 

8 

12 

45 

3 

20 

20 

8 

13 

—  61 

91 

43 

17 

304 

—  27 

4 

% 

13 

26 

30 

29 

25 

9 

225 

—  35 

48 

38 

18 

297 

—  28 

o 

2 

14 

210 

—  66 

77 

35 

10 

350 

—  42 

70 

52 

19 

204 

30 

20 

17 

15 

200 

14 

02 

00 

11 

292 

47 

33 

22 

20 

204 

44 

32 

22 

16 

41 

0 

30 

30 

12 

183 

67 

I) 

68 

21 

241 

73 

36 

10 

17 

332 

35 

32 

25 

13 

214 

68 

1) 

127 

22 

292 

69 

26 

8 

18 

25 

38 

30 

23 

14 

245 

74 

11 

53 

23 

160 

50 

48 

30 

19 

10 

—  39 

32 

24 

15 

317 

—  81 

D 

33 

24 

76 

—  7 

21 

21 

20 

20 

—  40 

44 

34 

16 

14 

i —  7® 

I) 

70 

25 

216 

69 

00 

30  i 

21 

27 

—  62 

55 

27  ! 

i  17 

183 

-  10 

1) 

IV 

26 

154 

—  13 

!  36 

35 

22 

340 

—  60 

30 

12  I 

18 

218 

-45 

92 

72 

27 

257 

18 

9 

9 

23 

172 

-32 

.  48 

40 

19 

102 

—  7 

I) 

IV  “ 

28 

ISO 

—  85 

46 

4 

24 

155 

—  63 

50 

24 

20 

216 

71 

02 

30 

29 

202 

-  20 

|  40 

36 

25 

70 

—  78 

45 

9 

21 

218 

44 

52 

38 

30 

120 

—  70 

45 

14 

26 

24 

—  75 

105 

22 

22 

260 

25 

87 

78 

Oct.  1 

106 

—  44 

j  38 

26 

27 

55 

—  80 

73 

12  ! 

23 

349 

40 

72 

55 

2 

123 

85 

|  132 

11 

28 

330 

—  73 

23 

6  i 

24 

159 

—  15 

53 

51 

3 

66 

—  39 

19 

15 

29 

180 

-83 

0 

1 

25 

120 

25 

41 

36 

4 

182 

8 

66 

65 

30 

320 

7 

16 

16 

26 

279 

—  75 

46 

12 

5 

188 

—  29 

1  100 

86 

31 

14 

48 

32 

32 

27 

49 

37 

25 

20 

6 

187 

53 

1  115 

69  , 

[  Nov.l 

3 

75 

26 

22 

28 

10 

72 

80 

25 

7 

20 

0 

30 

30 

2 

1  14 

54 

128 

75 

29 

30 

59 

65 

35 

3 

8 

1—  15 

54 

19  j 

30 

20 

20 

43 

1  41 

r Group  means.! 

[Group  means.! 

[Group  means.] 

S . 

1  191 

1  54 

|  29 

|  S . 

1  183 

l—  46 

55 

1  38 

S . 

204 

+  21 

66 

;  59 

N . 

356 

h9 

17 

13 

| N . 

17 

—  6 

43 

22 

r . 

353 

|  2, 

58 

43 

61 
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Table  9. — Deflecting  forces  separated  into  southward  and  northward  groups — Continued. 
Station:  Fort  Rae.  (4h  43m  W.;  +62°  39'  N.) 

[.<?  =  magnetic  azimuth,  a  =  vertical  angle,  s  =  total.  <r  =  horizontal  (5th) .] 


Period. 

Southward. 

Northward. 

B 

a 

s 

<T 

/3 

a 

s 

cr 

1882. 

Sept.  12 . 

191 

+  6 

54 

29 

356 

—  9 

17 

13 

Oct.  8 . 

183 

—  46 

55 

38 

17 

—  6 

43 

22 

Nov.  4 . 

204 

_j_  21 

66 

59 

353 

_ 23 

58 

43 

Dec.  1 . 

173 

—  5 

31 

19 

14 

—25 

63 

34 

Dec.  27 . . . 

165 

+  23 

38 

21 

6 

—32 

43 

17 

1883. 

+  47 

Jan.  23 . 

202 

46 

20 

17 

+28 

52 

27 

Feb.  19 . 

191 

+  14 

58 

44 

357 

+23 

34 

25 

Mar.  17 . 

177 

+  30 

.  45 

20 

3 

+39 

43 

21 

Apr.  13 . 

161 

-  2 

40 

23 

5 

—27 

38 

16 

May  10 . 

196 

—  11 

37 

30 

5 

—15 

23 

17 

June  5 . 

203 

+  9 

37 

26 

7 

—31 

29 

23 

J uly  2 . 

208 

+  5 

39 

26 

13 

—21 

31 

19 

July  29 . 

212 

+  11 

54 

36 

354 

—  7 

31 

13 

Annual  mean . 

190 

1 

+  8 

46 

30 

5 

—  8 

39 

22 

The  year  is  broken  up  into  periods  of  26.68  days,  in  accordance  with 
the  Ephemeris,  and  the  <5  s  a  (3  computed  for  each  date.  These  are  sep¬ 
arated  into  two  groups,  the  southward  (heavy  type)  and  the  northward 
(light  type),  as  indicated  by  the  angles  /?,  and  the  means  for  each  group 
in  every  period  are  taken.  These  means  are  then  collected  respectively 
under  the  southward  and  northward  headings  and  the  means  taken 
again.  This  latter  set  of  values  gives  the  average  vector  for  the  year 
at  Fort  Rae,  as  it  points  respectively  toward  the  south  or  toward  the 
north.  In  a  few  cases  the  excessive  disturbances  are  omitted  from  the 
sums  that  afford  the  mean  values  in  the  individual  periods.  The  chief 
difficulty  in  discussing  the  angle  a  arises  from  the  fact  that  oftentimes 
the  small  or  insignificant  values  in  the  variations  dx,  dy,  dz  produce 
very  large  values  of  a,  especially  if  the  denominator  happens  to  be  a 
little  number.  But  in  fact  the  values  of  a  should  properly  be  derived 
from  only  the  strong  values  of  these  coordinates.  These  large  values 
of  a  may  offset  many  correct  values,  if  the  true  angle  a  happens  to  be 
small,  since  the  jfius  and  minus  signs  must  be  observed  throughout. 
It  is  concluded  that  the  average  sign  of  a  indicates  the  fact  of  entry  or 
emergence  of  the  vector,  while  the  true  values  of  the  angle  can  be  better 
obtained  from  <r,  s,  as  has  been  already  done  for  the  European  stations. 

In  the  case  of  Fort  Rae,  1882-83,  the  southern  vector,  /?=190°, 
enters  the  earth  at  the  angle  (cos  a=f  f),  <^=49°  18',  and  the  northward 
emerges,  /?=5°,  at  the  angle  (cos  a— §f),  a=55°  40'.  We  must  con¬ 
ceive  that  the  earth’s  magnetic  field  is,  while  under  the  influence  of 
impressed  impulses,  compelled  to  adjust  itself,  so  far  as  these  vectors 
go,  along  a  definite  path,  at  the  given  station.  The  normal  field  may 
be  subject  to  other  vectors  derived  from  other  sources;  these  vectors 
may  be  of  very  short  or  very  long  duration,  for  it  is  evident  that  the 
normal  field  suffers  incessant  variations,  which  may  be  analyzed  in  the 
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way  thus  explained.  Such  a  study  ought  some  time  to  be  carefully 
made  for  the  several  stations,  and  thus  render  very  accurate  the  results 
which  are  derived  approximately  in  this  paper. 


Table  10. — Mean  deficcting  vectors  at  twenty-six  stations. 


No. 

Station. 

Mag¬ 

netic 

lati- 

Year. 

Mean  values. 

Adjusted  values. 

South. 

North. 

South. 

Nor  tli. 

tude. 

1 

£ 

a 

a 

/3 

a 

* 

< T 

<T 

a 

s 

cr 

a 

1 

Kingua  Fjord  . . . 

0 

77.9 

1882 

161 

+  5 

45 

27 

337 

—  6 

37  j 

23 

45 

28 

o 

54 

38 

23 

54 

2 

Fort  Rae . 

76.0 

1882 

190 

+  8 

46 

30 

5 

—  8 

39  ! 

22 

53 

29 

55 

43 

24 

55 

3 

Point  Harrow 

73. 1 

1882 

180 

—  6 

59 

29 

4 

+  5 

55 

29 

60 

30 

58 

52 

24 

58 

4 

Cap  Thordsen. . . 

71. 1 

1882 

186 

— : u 

62 

28 

6 

+  8 

50 

23 

59 

30 

59 

52 

23 

59 

5 

Jan  Mayen . 

68.8 

1882 

|  180 

+  10 

54 

29 

4 

—  9 

44 

22 

55 

27 

60 

49 

22 

60 

6 

Bossekop . 

64.4 

1882 

188 

+  14 

1  43 

29 

18 

—  6 

33 

19 

42 

23 

58 

33 

17 

58 

7 

Toron to 

62.  2 

1847 

1  176 

—28 

1  32 

18 

356 

4-27 

25 

]  i 

34 

18 

55 

26 

13 

55 

8 

Sodankyla . 

61.4 

1882 

184 

+*  5 

16 

15 

14 

14 

12 

31 

15 

54 

24 

11 

54 

9 

Washington  .... 

55.6 

1890 

j  179 

+19 

18 

7 

357 

o 

20 

8 

20 

12 

48 

14 

8 

48 

10 

I’awlowsk . 

55.  1 

1882 

196 

+  10 

12 

10 

15 

“  9 

10 

8 

18 

10 

47 

13 

8 

47 

11 

Greenwich . 

50.4 

1887 

175 

—  6 

13 

9 

359 

+  1 

13 

9 

14 

9 

43 

10 

7 

43 

12 

Parc  St.  Maur. . . 

47.3 

1884 

177 

+  2 

12 

9 

357 

—  4 

11 

8 

13 

10 

41 

10 

8 

41 

13 

Vienna . 

44.8 

1882 

178 

+  5 

19 

15 

l 

—  1 

20 

16 

14 

11 

40 

11 

9 

40 

14 

Pola . 

41.7 

1892 

183 

+  14 

23 

16 

1 

—  6 

17 

11 

16 

12 

38 

12 

9 

38 

15 

Los  Angeles 

40.3 

1883 

181 

+  10 

22 

12 

0 

—  8 

23 

10 

17 

13 

37 

13 

10 

37 

1G 

Tiliis . 

36.1 

1882 

182 

+  6 

15 

12 

13 

—  7 

13 

11 

23 

19 

37 

17 

16 

37 

17 

Zi-ka-wei . 

27.6 

1  1882 

187 

—  4 

42 

32 

351 

+  5 

33 

23 

38 

27 

43 

32 

23 

43 

18 

Bombay . 

9.9 

!  1863 

182 

+  4 

36 

20 

3 

—  5 

33 

16 

31 

20 

53 

25 

15 

53 

19 

Madras . 

3.8 

|  1855 

185 

+  2 

13 

!  il 

349 

—  1 

12 

10 

19 

14 

36 

15 

11 

36 

20 

Singapore  . 

—  6.4 

1845 

182 

_  2 

14 

1  ll 

359 

-  8 

12 

10 

15 

11 

39 

11 

8 

39 

21 

St.  Helena . 

—11.2 

1843 

178 

—10 

17 

9 

349 

—  2 

17 

8 

16 

10 

57 

12 

7 

57 

22 

Batavia . 

—15.1 

1890 

182 

+  13 

16 

j  8 

1 

—12 

16 

9 

22 

12 

58 

15 

8 

58 

23 

Siid  Georgien  . . . 

—29.8 

1882 

187 

+  26 

52 

20 

8 

—17 

47 

15 

36 

19 

47 

31 

16 

47 

24 

Cape  Horn . 

—33.  5 

1882 

176 

—  2 

15 

j  13 

6 

+  4 

13 

10 

25 

13 

;  44 

19 

10 

44 

25 

Cape  Good  Hope 

—33.9 

1842 

185 

+  16 

19 

11 

353 

—  3 

16 

11 

20 

12 

43 

15 

9 

43 

26 

Hobarton . 

-54.8 

1842 

176 

+  22 

26 

15 

0 

—27 

22 

13 

26 

14 

'  52 

1 

22 

12 

52 

EXTENSION  OF  THE  COMPUTATION  TO  TWENTY-SIX  STATIONS. 

In  Table  10  are  collected  similar  u  mean  values  ”  for  twenty-six  sta¬ 
tions  in  different  magnetic  latitudes.  The  angle  ft  shows  that  the 
vectors  cling  closely  to  the  magnetic  meridians j  the  angle  a  indicates 
that  the  southward  vectors  tend  to  enter  and  the  northward  to  emerge 
in  the  northern  hemisphere:  the  southward  angles  are  more  firmly 
developed,  the  vectors  a  and  s  being  almost  always  stronger  to  the 
south  than  to  the  north,  which  amounts  to  saying  that  the  heavier 
disturbances  are  directed  southward,  and  that  the  positive  source  of 
the  external  field  is  to  the  north  of  the  plane  of  the  ecliptic.  In  order 
to  obtain  the  u  adjusted  values,”  the  mean  values  of  tr,s,  a  were  plotted 
as  ordinates  along  a  line  of  abscissas  extending  from  0°  to  180°  polar 
distance,  and  an  average  curve  drawn  through  them.  It  was  not 
thought  worth  while,  in  the  preliminary  stages  of  the  research,  to 
attempt  a  more  refined  discussion. 


DISCUSSION  OF  THE  RESULTS. 

To  show  the  relations  of  these  adjusted  values  to  a  mean  magnetic 
meridian,  they  are  distributed  on  Chart  10  along  a  circle  at  the  angles  a 
and  lengths  s,  the  foot  of  each  vector  standing  on  the  station  as  located 
by  its  magnetic  latitude.  The  curved  bounding  line  shows  the  average 
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strength  of  the  impressed  vectors.  The  system  has  two  maxima  in 
each  hemisphere — one  over  the  auroral  belt  and  the  other  over  the  trop- 


0=2.0.  H=0. 00035.] 

ics;  it  has  three  minima — one  over  the  poles,  a  deeper  one  over  the  mid- 
latitudes,  and  a  third,  with  very  small  values,  at  the  equator.  The 


sweep  away  from  tbe  poles  suggests  the  explanation  of  the  aurora ,  as 
a  concentration  of  the  impressed  external  magnetic  force  in  the  isocha- 
men  ovals,  which  also  falls  off  in  the  midlatitude  zones.  The  aspect  of 
this  vector  system  suggests  also  the  theory  of  the  entire  phenomenon, 
namely,  that  the  earth’s  shell  is  to  some  extent  permeable,  and  is 
plunged  in  an  external  magnetic  field  whose  lines  of  force  are  distorted 
from  being  parallel  at  a  distance  from  the  earth  into  the  curves  imposed 
by  such  a  well-known  magnetic  system. 

FORMULAE  FOR  THE  MAGNETIC  SYSTEMS. 

A  set  of  formulae  are  here  collected  together  on  Table  11  to  cover  the 
several  cases  arising  in  these  problems,  whose  consequences  can  readily 
be  followed  out.  Formulae  (1)  for  a  uniformly  magnetized  sphere;  (2) 
for  a  uniformly  magnetized  sphere  in  a  uniform  field,  each  referred  to 
the  axis  x;  (3)  the  inflected  and  exflected  systems  arising  according 
to  the  type  of  permeability.  When  the  axis  of  the  sphere  is  not  parallel 
to  the  lines  of  the  external  field,  this  can  be  resolved  parallel  and  per¬ 
pendicular  to  the  axis  of  the  magnetization  and  be  brought  under  these 
formulae . 

10305— No.  21 - 5 
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INFLECTED  AND  EXFLECTED  MAGNETIC  SYSTEMS. 
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CHART  OF  COMBINED  EXFLECTED  AND  INFLECTED  SYSTEMS. 


A  rough  mean  integration  of  the  length,  of  the  vectors  s  shows  that 
the  external  uniform  field  averages,  H  =  0.00035  C.  G.  S.;  trial  comiiu- 
tations  briug  the  permeability  to  about  2 ;  R  can  be  taken  as  unity  for 
a  type  figure;  successive  values  may  be  assigned  to  the  lines  of  force 


N,  from  the  formula  x1  =  A 


0.50v2 

y-s s 


-f, 


the  coordinate  values  of  several  lines  may  be  computed.  By  this 
process  we  draw  chart  11,  and  it  is  only  necessary  to  compare  it  with 
chart  8  to  be  assured  that  we  have  the  same  fundamental  phenomenon. 


Table  12. 

COMPUTED  ORDINATES  y. 


Exflected. 

Inflected. 

0.0 

0.5 

1 

2 

4 

6 

8 

10 

15 

20 

j  24 

27 

x —  0 

.  80 

.  81 

.  82 

.  83 

.  87 

.92 

.95 

.  80 

.1 

.79 

.80 

.81 

.82 

.86 

.92 

.95 

. 

. 

.88 

_  2 

.77 

.78 

.80 

.81 

.85 

.91 

.94 

. 

.82 

.95 

A 

.74 

.75 

.77 

.80 

.83 

.90 

.93 

.78 

.89 

1.00 

.4 

.68 

.70 

.72 

.77 

.81 

.88 

.92 

.83 

.94 

1.05 

.5 

.61 

.64 

.67 

.71 

.78 

.85 

.90 

'.'64* 

.87 

.99 

1.09 

.6 

.52 

.57 

.60 

.65 

-.72 

.81 

.87 

.50 

.70 

.90 

1.02 

1.13 

.7 

.38 

.44 

.50 

.57 

.68 

.77 

.84 

.55 

.75 

.93 

1.04 

1.15 

.8 

.34 

.41 

.50 

.63 

.73 

.82 

.60 

.78 

.95 

1.06 

1.17 

.9 

.28 

.35 

.46 

.60 

.71 

.80 

.62 

.81 

.97 

1.08 

1.19 

1.0 

.24 

.31 

.42 

.58 

.69 

.78 

.64 

.83 

.98 

1.09 

1.20 

1.1 

.21 

.30 

.40 

.56 

.67 

.77 

.66 

.85 

.99 

1. 10 

1.21 

1.2 

.20 

.29 

.39 

.54 

.64 

.74 

.67 

.86 

1.00 

1. 10 

1.22 

1.5 

.19 

.27 

.38 

.50 

.61 

.71 

.69 

.89 

1.03 

1. 11 

1.23 

2.0 

.  18 

.25 

.34 

.49 

.60 

.69 

.71 

.91 

1.  04 

1. 12 

1.24 

It  indicates  that  the  nucleus  of  the  earth  is  impenetrable  to  the 
lines  of  this  magnetic  field,  and  that  hence  they  are  exflected  as  by  an 
obstacle,  and  pass  around  it;  but  the  shell,  having  a  thickness  of  about 
800  miles,  is  slightly  permeable,  and  collects  the  external  lines  within 
itself,  as  the  easiest  path  for  the  transference  of  external  energy.  At 
the  surface,  for  both  branches  of  the  system  where  the  two  media 
meet,  the  law  of  magnetic  refraction  applies. 

/a2  tan  0i  =  jji  tan  d2. 

Hi  cos  6\  =  2  H2  cos  #2,  normal  component. 

Hi  sin  6i  =  H2  sin  02 ,  tangential  component. 

The  tangential  components  in  each  media  are  equal,  while  the  normal 
change  in  the  ratio  of  permeability.  It  is  not  possible  to  draw  these 
vector  lines  perfectly,  that  is,  to  obtain  the  value  of  exactly,  unless 
the  internal  paths  of  the  system  are  known,  but  the  approximation  is 
so  close  as  to  give  confidence  in  the  main  proposition. 

Whenever  the  strength  of  the  external  field  changes  for  any  cause, 
the  impressed  vector  at  a  given  station  varies  proportionally  along  the 
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paths  thus  laid  down  ;  if  it  oscillates  back  and  forth  irregularly,  it  will 
produce  such  an  effect  as  is  recorded  on  the  traces  of  magnetic  obser¬ 
vations;  if  it  oscillates  back  and  forth  periodically,  a  wave  motion  is 


set  up  in  what  would  otherwise  be  a  steady  field;  if  the  great  impulses 
come  from  the  north  to  south,  then  the  source  of  energy  must  be  to  the 
north  and  the  sink  to  the  south  of  the  ecliptic.  Such  oscillations, 


I 
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aperiodic  or  periodic,  are  accompanied  by  transient  induced  electric 
currents,  and  the  transfer  of  energy  may  be  called  a  radiation ;  half  of 
this  energy  is  turned  into  heat  and  the  other  half  into  the  setting  up 
the  new  magnetic  field  by  means  of  these  transient  magnetic  and  elec¬ 
tric  currents.  Such  energy  may  be  one  source  of  atmospheric  electric¬ 
ity  and  also  of  the  earth  electric  currents,  especially  during  excessive 
oscillations.1 

The  attendant  electric  phenomena  in  the  earth’s  atmosphere  and 
crust  I  have  had  little  time  to  investigate;  and  indeed  it  is  very  hard 
to  discuss  them  satisfactorily,  because  of  the  difficulty  of  securing  the 
observations  in  vector  form.  Also  concerning  induced  magnetic  cur¬ 
rents  derived  from  the  motions  of  the  earth  or  the  air  currents,  no 
special  studies  have  been  made,  though  the  subject  should  be  worked 
up  if  it  is  possible  to  do  so  definitively. 

DISTURBING  VECTORS  DURING  GREAT  DISTURBANCES. 

Having  given  examples  of  the  vectors  of  the  polar  field  taken,  (1) 
for  intervals  of  twenty-four  hours,  and  (2)  by  the  year,  it  is  proper  to 
also  show  their  behavior  at  the  same  instant  of  time  for  widely  separated 
stations.  This  discussion  will  be  based  upon  the  instantaneous 
impulses  without  the  summation  involved  in  the  diurnal,  the  26.68-day 
intervals,  and  the  annual  periods.  For  this  jiurpose  the  three  disturb¬ 
ances  of  January  4,  January  28,  and  February  13,  1892,  have  been 
computed  by  the  methods  employed  above.  The  directors  of  the  observ¬ 
atories  at  San  Antonio,  Toronto,  Washington,  Greenwich,  Paris,  Pots 
dam,  Vienna,  Pawlowsk,  Zi-ka-wei,  and  Melbourne  had  the  courtesy 
to  place  at  the  service  of  the  Weather  Bureau  the  traces  of  their  mag¬ 
netic  elements  and  the  reduction  constants  for  the  required  dates,  and 
this  cooperation  is  hereby  acknowledged  with  thanks. 

On  making  a  comparative  study  of  the  material  it  was  found  that 
many  differing  forms  of  arrangement  of  the  apparatus  are  employed  in 
the  observatories,  so  that  the  reduction  of  the  data  was  very  laborious, 
because  of  the  care  required  in  passing  from  station  to  station. 

DIFFERENT  SYSTEMS  OF  INSTRUMENTAL  RECORDS. 


Table  13. — Arrangement  of  the  photographic  traces. 


Station. 

Long. 

Lat. 

Trace. 

Change. 

Base  line — Trace — Ordinates. 

H.  D.  V. 

San  Antonio  . . 

h 

6.  6  W. 

0 

+29.  4 

cm. 

37 

10  a.  m. 

Below  — down. 

Above — down. 

Above— down. 

Toronto . 

5.  3  W. 

+43.  7 

44 

noon. 

Above—  down. 

Above— up. 

Above— down. 

Washington  .. 

5. 1  W. 

+  38.9 

37 

noon. 

Above — up. 

Above— up. 

Below — up. 

Greenwich .... 

0.0 

+51.5 

33 

noon . 

Above — down. 

Below  —down. 

Above— down. 

Paris . . 

0.  2  E. 

+48.  8 
+52.9 

24 

mid. 

Below  — down. 

Below  — down. 

Below  — down. 

Potsdam . 

0.9  E. 

49 

noon. 

Above — up. 

Above — up. 

Above — up. 

Vienna . . 

1.1E. 

+48.  2 

37 

noon. 

Above — up. 

Below — up. 

Above— up. 

Powlowsk . 

2. 0  E. 

+59.7 

36 

mid. 

Above — down. 

Above — up. 

Above — up. 

Zi-ka-wei...... 

8.1  E. 

+31.2 

37 

6  p.  m. 

Below — up. 

Above — up. 

Below— up. 

Melbourne .... 

9.  7  E. 

—37.8 

36 

10  a.  m. 

Above — up. 

Above — up. 

Below— down. 

Standard  system . 

36 

noon. 

Above— up. 

Above— up. 

Above— up. 

Compare  “  The  earth  a  magnetic  shell.”  (Amer.  Journ.  Sci.,  Vol.  L.,  August,  1895.) 
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Thus,  in  the  Table  13  of  the  arrangement  of  the  photographic  traces, 
in  hhe  third  space  is  given  the  length  of  the  trace  for  a  24-hour  run  and 
the  time  of  changing  the  sheets.  When  the  traces  are  laid  down  so 
that  the  base  line  showing  the  time  intervals  increases  from  left  to 
right,  the  trace  is  in  some  cases  above  and  in  others  below  the  base 
line.  The  positive  values  of  the  ordinates  increase  sometimes  up  and 
sometimes  down.  They  are  not  similarly  disposed  for  each  of  the 
H.  D.  Y.  elements  at  the  same  station.  The  u  Base  line — Trace — Ordi¬ 
nates”  show  these  differences  at  ten  stations.  It  is  suggested  that  the 
u standard  system”  indicated  in  the  lowest  line  will  satisfactorily  take 
the  place  of  the  existing  discordant  systems,  as  a  practical  matter. 


1 


ORDINATES  FOR  THE  DIURNAL  VARIATIONS  IN  H.  D. 
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PROCESS  FOR  ELIMINATING  THE  TRUE  DISTURBANCE  ORDINATES. 

In  order  to  get  the  pure  ordinates  belonging  to  the  disturbance  force 
proper,  which  is  conceived  to  be  superposed  upon  the  mean  diurnal 
variation  at  any  instant  of  time,  the  following  process  was  employed : 
From  the  records  of  each  observatory,  construct  the  mean  diurnal 
trace  of  each  element  in  millimeters j  plot  on  a  strip  of  semitransparent 
celluloid  a  scale  having  the  length  of  the  trace,  with  dots  showing  the 
mean  position  of  H.  D.  V.  at  each  hour.  Such  variations  in  millimeters 
are  given  in  Table  II  for  nine  stations.  Zi-ka-wei  is  omitted  because 
its  traces  for  February  13  were  not  at  hand ;  those  for  January  4,  Janu¬ 
ary  28  were  worked  up  with  the  others.  These  are  normal  variations 
so  long  as  scales  and  sensitiveness  remain  unchanged.  The  mean 
ordinates  from  the  base  line  to  the  zero  line  of  the  scale  was  computed, 
and  they  are  given  in  the  same  table.  These  values  enable  us  to  place 
the  long  scale  upon  the  disturbed  trace  at  the  mean  distance  for  the 
day,  and  then  the  ordinates  between  the  scale  points  and  the  trace 
itself,  at  the  selected  instant,  give  the  values  A  H,  A  D,  A  V  in  milli¬ 
meters,  from  which  data  the  computation  proceeds  as  before  to  <r,  s ,  a ,  (3. 
The  distance  from  the  base  line  to  the  zero  line  of  the  scale  was 
determined  from  the  position  of  the  traces  on  the  days  just  preceding 
and  following  the  disturbance.  The  equivalents  of  1  mm.  in  units  fifth 
decimal  0.  G-.  S.  are  given  at  the  bottom  of  the  table.  Next,  certain 
hours  and  minutes  were  selected  on  the  Greenwich  ttaces  for  computa¬ 
tion  of  the  impulses,  and  the  corresponding  instants  found  on  all  the 
other  traces,  by  allowing  for  the  longitude  corrections.  The  results 
<r,  s ,  / 3  for  February  13, 1802,  from  6.30  a.  m.  to  11.26  p.  m.,  G.  M.  T.,  are 
transcribed  in  the  accompanying  Table  15. 


Table  15. — Deflecting  forces  during  the  great  disturbance  February  13,  1892,  at  nine  widely  separated  stations. 

[Units  fifth  decimal.] 
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An  inspection  of  the  numbers  shows  the  increase  of  the  disturbance 
up  to  its  maximum  values  of  <r,  «;  at  the  same  time  the  large  majority 
of  the  values  of  ft  are  directed  approximately  southward,  especially 
when  the  disturbance  strengthens  at  all  the  stations.  Toronto  and 
Pawlowsk  show  unusually  large  values  of  the  o'  s  at  certain  hours, 
and  this  may  be  due  to  some  peculiar  action  of  their  magnets,  or  to 
excessive  concentration  of  the  external  field  at  these  localities.  It  is 
of  course  not  my  purpose  to  examine  the  records  of  the  several  stations, 
except  as  they  compare  with  one  another  in  a  general  way.  The  con¬ 
clusion  arrived  at  is  that  the  disturbance  impulses  indicate  an  unusual 
strengthening  of  the  impressed  field;  and  that  the  great  vector  impulses 
are  directed  southward. 

Table  16. 

MEAN  VALUES  OF  s,a,i 3. 


Date . 

Jan.  4. 

Jan.  29. 

Feb.  13. 

North  group . 

South  group . 

o 

349  12 
187  50 

0 

341  14 
171  30 

0 

321  15 
195  73 

Mean  s . 

0.  00053 

0.  00040 

0. 00166 

Computed  a . 

33.  5o 

36.  6° 

39.  7° 

Observed  a . 

22.  7° 

23. 5° 

27.  90 

The  mean  values  of  s,  a ,  ft,  for  the  three  disturbances  of  January  4, 
January  29,  February  13,  each  taken  as  a  whole,  are  collected  in  the 
Table  16,  which  contains  the  angle  ft  in  the  north  and  south  groups, 
the  number  of  distinct  impulses  measured  on  the  trace,  the  mean  s,  the 
mean  computed  and  observed  values  of  a.  These  are  not  the  maxi¬ 
mum  but  the  average  values  of  the  disturbing  vectors  throughout  the 
entire  disturbance,  the  time  extending  to  the  hours  of  the  quiet  fields. 
The  maximum  values  of  s  for  February  13  is  about  thirty  times  that  of 
the  average  European  field  and  is  directed  southward.  In  almost  all 
cases  on  other  dates  the  large  vectors  point  in  the  same  direction. 
After  examining  all  the  disturbances  whose  records  are  accessible, 
from  1841  to  1896,  inclusive,  it  may  be  laid  down  as  a  rule  that  the 
disturbances  of  pronounced  type  are  always  impressed  upon  the  earth’s 
normal  field  from  north  to  south. 

A  complete  computation  of  all  the  large  and  small  disturbances  for 
Washington,  1889,  1890,  1891,  taking  out  the  disturbing  vectors  for 
every  half  hour  during  the  period  of  deflection,  shows  a  ratio  of  three 
to  one  in  the  south  quadrant  over  the  north,  east,  or  west  quadrants. 
It  is  not  easy  to  see  how  anything  is  lacking  to  verify  this  fact  that 
great  disturbances  are  impressed  southivard  upon  the  earth’s  field.  Also 
the  angles  a  are  such  that  lines  of  impressed  force  cut  across  the 
normal  magnetic  lines  derived  from  the  earth’s  internal  magnetization, 
and  therefore  they  must  be  propagated  from  outside  of  the  earth’s 
surface. 
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COMPONENTS  OF  THE  LINES  OF  A  SPHERICAL  MAGNET  IN  A  UNIFORM 

FIELD. 

It  is  desirable  to  have  clearly  in  mind  what  the  effect  is  upon  the  lines 
of  the  normal  field  of  a  magnetized  sphere  immersed  in  a  uniform  field 
when  the  latter  becomes  stronger  or  weaker.  Compare  charts  G,  7,  8. 
Let  A  B,  chart  12,  be  part  of  the  normal  field,  however  generated;  let 
A  D  be  lines  in  the  impressed  field,  when  pointing  southward  on  the 
right  side,  and  northward  on  the  left  side  of  the  diagram,  which  thus 


Chart  12. — Components  of  the  impressed  forces  disturbing  the  earth’s  normal  field  in  both  north  and 

south  directions. 

includes  the  case  of  an  oscillation  to  each  side  of  the  mean  value  of  the 
normal  terrestrial  and  external  fields.  Resolve  alon  g  radii  of  the  sphere 
extended.  The  components  of  A  B  are,  A  C  on  radius,  B  C  perpendic¬ 
ular  to  it;  those  of  A  D  are  A  E  and  E  D;  the  vector  sum  of  these 
components  in  each  case  is  A  G,  which  is  a  part  of  the  resultant  line  of 
the  compound  field.  On  the  right  the  new  magnetic  line  is  Outside  the 
original  normal  position,  and  on  the  left  it  is  inside  the  same.  An 
alternating  impressed  external  field  therefore  expands  the  lines  of  the 
entire  magnetic  field  outward  or  contracts  them  inward,  thus  increasing 
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or  decreasing  the  stability  of  the  sphere  as  a  magnet.  Such  alternations 
occur  irregularly  in  disturbances,  as  the  traces  show  ;  they  may  occur 
periodically,  with  a  wave  like  vibration  of  the  system.  Dr.  Esclien- 
hagen’s  observations  on  the  minute  variations  of  the  terrestrial  field, 
with  waves  of  fifteen  seconds  or  some  other  short  period,  seem  to  indi¬ 
cate  that  such  pulsations  pertain  to  the  earth’s  field  as  one  of  its  per¬ 
manent  characteristics.  Variations  of  the  magnetic  field  must  be 
accompanied  by  electric  currents,  which  may  profoundly  affect  the 
state  of  the  atmospheric  electric  field  by  integration.  Half  of  the 
energy  of  the  impressed  magnetic  field  must  be  expended  in  the  system 
somewhere  as  heat,  and  the  other  half  in  making  magnetic  potential.1 

CRITICISM  OF  OTHER  THEORIES  TO  ACCOUNT  FOR  THE  VARIATIONS 
IN  THE  EARTH’S  MAGNETIC  FIELD. 

It  may  be  observed  that  if  any  one  seeks  to  account  for  the  existing 
magnetic  field  by  putting  the  electric  currents  first  in  time  as  the  cause 
of  magnetic  changes,  then  the  electric  system  must  oscillate,  as  the 
magnetic  field  requires.  If  it  is  attempted  to  account  for  the  electric 
currents  as  convection  electricity  transported  in  the  meteorological  cur¬ 
rents  of  atmospheric  circulation,  then  not  only  must  the  meteorological 
currents  oscillate  back  and  forth,  to  accord  Avith  the  electro  magnetic 
system,  but  they  must  do  so  simultaneously  over  the  entire  earth, 
because  the  magnetic  variations  are  synchronous  over  the  globe  at  the 
same  instant.  Since  there  is  no  evidence  that  this  meteorological  fact 
exists,  it  is  inferred  that  the  extra  terrestrial  seat  of  the  magnetic  field 
is  pulsating  in  wave-like  oscillations.  Thus  the  magnetization  of  the  sun 
may  be  supposed  to  vary  its  magnetization  periodically  or  spasmodic¬ 
ally  5  then  these  variations  of  energy  are  propagated  in  transient  mag¬ 
netic  currents  to  the  earth’s  field,  where  the  pulsations  are  taken  up 
and  exhibited  by  the  observed  changes  in  H.  D.  V. 

It  may  also  be  noted  that  the  normal  field  of  the  earth  is  also  a 
compound  field.  If  the  earth’s  magnetic  field  has  a  true  potential,  it  is 
also  plunged  within  an  external  field,  assumed  to  be  steady  for  the 
instant.  What  Ave  observe  as  normal  is  the  resultant  of  these  two 
fields.  Such  an  internal  field  would  therefore  have  impressed  upon 
it  an  external  field,  distributed  in  magnetic  latitude  as  chart  11  indi¬ 
cates.  Hence  the  Gaussian  potential  system  may  not  be  able  by 
expanding  terms  of  the  harmonic  orders  to  account  entirely  for  the 
observed  surface  field.  Indeed,  it  is  concluded  from  the  analysis  of 
observations  that  such  an  external  field  must  exist,  in  addition  to  the 
simple  potential  field,  even  with  a  heterogeneous  disposition  of  the 
internal  magnetization  of  the  earth. 

It  may  be  noted  that  a  system  of  vertical  earth-air  electric  currents, 
such  as  L.  A.  Bauer  describes  (Terrestrial  Magnetism,  II,  1,  p.  18),  con 
forms  to  the  scheme  of  Chart  11,  if  the  Bauer  curve  is  inverted,  and  the 

1  Compare  Heaviside,  Physical  Papers,  vol.  1,  pp.  456,  462. 
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eartli  rotates  its  field  through  an  external  field,  whose  strength  is  dis¬ 
tributed  in  latitudes  according  to  the  results  of  this  discussion. 

Since  the  observed  u  disturbances  ”  of  the  external  field  are  about  a 
mean  value  [Fx+F 2-\-A  (F!+F2)],  where  Fi  is  the  normal  force  of  the 
internal  and  F2  the  external  fields,  and  A  (F]-}-F2)  the  variations  on 
the  resultant  of  Fj  +  F2,  it  is  evident  that  the  determination  of  F2  is 
involved  in  the  computation  of  the  intensity  of  solar  magnetization 
itself.  That  part  of  the  problem  is  therefore  properly  in  the  hands 
of  the  students  of  the  earth’s  potential  system. 

The  fact  seems  to  be  clear  that  the  earth’s  normal  field  is  constantly 
penetrated  with  an  external  field,  which  also  traverses  the  outer  parts 
of  the  earth’s  body.  The  interaction  of  the  two  fields,  together  with 
the  induction  due  to  rotation  of  the  earth  on  its  axis  within  the 
external  field,  may  be  presumed  to  integrate  in  long  periods  of  time 
into  such  changes  as  are  observed  in  the  secular  variations  of  the  sta¬ 
tion  elements.  The  fact  that  a  general  tendency  exists  to  follow  one 
direction  of  rotation,  namely,  from  east  to  west,  or  clockwise,  is  evi¬ 
dence  in  favor  of  this  view.  This  problem,  however,  as  well  as  that  of 
the  atmospheric  electricity,  is  at  present  nearly  indeterminate,  because 
the  underlying  vector  system  can  not  be  completely  computed  from 
existing  observations,  since  the  earlier  records  give  only  the  direc¬ 
tional  elements,  declination  and  inclination;  the  strength  of  the  vector, 
the  magnetic  intensity,  not  having  been  measured  previously  to  1830. 
Sufficient  time  has  not  yet  elapsed  to  produce  a  picture  of  the  secular 
variation  of  the  impressed  disturbing  vectors.  However,  good  work 
is  being  done  in  collating  all  the  ancient  material  regarding  the  ele¬ 
ments  of  direction  of  the  normal  field  at  as  many  epochs  as  possible. 
Compare  the  papers  of  Schott,  Littlehales,  Bauer,  and  Putnam. 


Chapter  4. 


DEFLECTING  FORCES  OF  THE  EQUATORIAL  ELECTRO  MAGNETIC 

FIELD. 

Before  proceeding  to  develop  the  other  physical  effects  of  the  action 
of  the  “  coronal”  or  polar-magnetic  field  within  the  earth’s  magnetic 
field  and  the  atmosphere,  it  will  be  expedient  to  discuss  the  second 
external  magnetic  field  in  which  the  earth  is  supposed  to  be  immersed. 
This  is  called  tlie  “radiant”  or  electro  magnetic  field,  and  its  axis  at 
the  earth  is  parallel  to  the  plane  of  the  ecliptic,  being  the  radius  vector 
drawn  from  the  sun  to  the  earth.  The  electro -magnetic  theory  of  light 
implies  the  existence  of  a  magnetic  field  practically  uniform  in  force 
and  direction,  relatively  to  any  magnet  large  in  comparison  with  the 
wave  lengths  of  light,  and  hence  to  any  magnet  except  of  atomic  and 
molecular  dimensions.  The  sun  throws  out  spherical  electro  magnetic 
induction  sheets,  which  the  ether  transmits  to  the  spaces  penetrated 
by  sunlight.  These  are  composed  of  rapidly  alternating  waves  of 
electric  force  and  magnetic  induction  arranged  in  quadrature  to  each 
other.  The  vibration  is  so  rapid  that  the  train  of  individual  waves 
merges  into  a  steady  field  in  its  action  upon  the  earth  as  a  magnet,  or 
to  the  exploring  magnets  employed  in  observations.  It  is  found  from 
observations  that  the  lines  of  the  normal  magnetic  terrestrial  field  suffer 
such  distortion  as  would  occur  if  a  magnetized  sphere  surrounded  by 
a  shell  of  low  permeability  were  placed  in  an  external  field  with  its 
axis  approximately  at  right  angles  to  the  direction  of  the  field.  The 
physics  arising  from  this  conception  in  the  case  of  the  earth,  which  is 
continually  changing  the  aspect  of  the  axes  of  the  sphere  and  of  the 
magnetic  field,  becomes  very  complex  in  details,  and  it  is  not  my  pur¬ 
pose  in  this  abstract  to  pursue  these  questions  beyond  the  introductory 
stages.  The  data  must  be  discussed  with  much  precision  for  the 
consideration  of  the  delicate  problems  implied  in  these  relations. 

DETERMINATION  OF  THE  VECTORS  OF  THE  ELECTRO-MAGNETIC 

SYSTEM. 

The  process  of  obtaining  the  vectors  of  the  deflecting  forces  of  the 
electro  magnetic  field  is  simpler  than  in  the  case  of  the  polar-magnetic 
field,  but  the  resulting  system  is  much  more  complex  and  difficult  to 
present  intelligibly  without  the  use  of  a  globe  model.  Indeed,  it  is  quite 
impossible  to  study  the  problem  satisfactorily  except  by  transferring 
the  computed  vectors  to  a  sphere,  in  which  case  the  apparent  tangle 
10305— No.  21 - 6  81 
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of  forces  displays  a  beautifully  balanced  symmetry.  It  is,  therefore, 
believed  that  the  labor  of  making  such  a  model  will  repay  each  student 
of  terrestrial  magnetism.  In  computing  the  vectors  of  the  polar  field 
the  data  was  obtained  by  taking  the  variations  of  the  daily  means  on 
a  slowly  changing  normal  field  derived  from  the  means  of  the  months — 
that  is  to  say,  dealing  with  the  right-hand  column  of  means  as  usually 
published.  The  vectors  of  the  electro-magnetic  field  are,  on  the  other 
hand,  found  by  computing  the  variations  of  the  hourly  means  for  each 
month  relatively  to  the  mean  of  the  month — that  is,  by  simply  subtract¬ 
ing  the  monthly  mean  along  the  lowest  row  of  the  page  as  commonly 
printed.  There  is  obviously  no  need  to  make  any  secular  changes  in 
these  quantities,  because  the  24-hourly  means  are  in  every  case  simul¬ 
taneously  synchronous  throughout  the  day.  The  diurnal  variations  of 
the  needle  at  an y  station  are  caused  by  the  earth  in  its  rotation  trans¬ 
porting  this  station  to  the  successive  24  points  in  the  impressed  field 
where  the  observations  are  made.  Since  the  aspect  of  the  sunlight 
field  is  similar  once  in  twenty -four  hours  for  every  station  on  the  earth, 
the  record  of  stations  widely  separated  in  longitude  may  be  made  to 
begin  on  one  meridian  by  ignoring  the  variations  in  local  time,  though, 
of  course,  in  fact,  each  station  is  at  the  same  moment  experiencing  the 
deflection  due  to  that  part  of  the  field  in  which  it  then  happens  to  be 
placed.  The  earth  may  thus  be  studied  as  a  nonrotating  body  rela¬ 
tively  to  the  external  field  by  simply  orienting  the  vectors  of  each 
station  from  that  meridian  whose  plane  when  extended  will  passthrough 
the  center  of  the  sun.  By  computing  the  vectors  for  each  month  and 
the  mean  of  these  for  the  twelve  mouths,  a  mean  vector  system  will  be 
found  with  the  sun  in  the  equatorial  plane.  The  intersection  of  the 
central  meridian  and  the  equatorial  planes  locates  the  direction  of  the 
axis  of  the  external  field  before  any  distortion  caused  by  the  immersed 
earth  takes  place  in  it.  The  solar  field  has  an  outward  diminution  in 
induction,  and  hence  a  force  directed  from  the  sun  into  space.  Such  a 
magnet  as  the  earth  placed  in  an  external  field  should  experience 
deflections  after  the  nature  of  couples,  directed  toward  the  sun  in  the 
northern  hemisphere  and  from  the  sun  in  the  southern  hemisphere, 
with  very  well  defined  distribution  of  the  forces  in  sheets,  determined 
by  the  aspect  of  the  curvature  of  the  shell  in  the  several  latitudes 
relatively  to  the  direction  of  the  field.  It  has  not  yet  been  practicable 
for  me  to  give  the  work  necessary  to  elaborate  analytically  the  magnetic 
fields  produced  under  these  conditions,  because  of  the  difficulties  arising 
from  the  peculiar  asymmetric  distortion  due  to  the  lag  of  rotation  and 
the  temperature  distribution  in  latitude  and  longitude  as  the  result  of 
solar  radiation  upon  the  tropics.  The  following  scheme  (chart  13), 
however,  gives  some  idea  of  the  relations  that  appear  to  exist: 

Chart  13. — Schematic  distribution  of  the  disturbing  vectors  of  a  magnetized  sphere,  covered  by  a 
permeable  shell,  immersed  in  an  external  magnetic  field  and  at  right  angles  to  it. 


Chart  A3. 
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A  PERMEABLE  SHELL  INCLOSING  A  SPHERE  MAGNETIZED  AT  RIGHT 
ANGLES  TO  AN  EXTERNAL  FIELD. 

The  shelf  may  be  divided  into  two  polar  caps,  P„  and  Ps,  cut  off  by 
planes  perpendicular  to  the  axis  of  magnetization  and  nearly  touching 
the  impermeable  nucleus;  into  two  midlatitude  zones  Mu  and  Ms,  having 
sphero-conical  surfaces;  and  into  one  equatorial  sphero- rectangular 
zone  E,  parallel  to  the  axis  of  magnetization.  If  the  sun  lies  in  the 
plane  of  the  diagram  central  to  the  right,  its  held  is  directed  from  right 
to  left.  The  earth  is  a  magnet,  with  its  external  field  directed  in  wide 
curves  upward.  Every  unit  volume  of  the  new  compound  magnetic 
field  is  the  resultant  of  these  two  fields,  now  excluding  the  coronal  field. 
The  observations  are  made  at  the  surface  of  the  earth  for  the  deflec¬ 
tions,  and  the  field  can  not  be  explored  outwards,  except  analytically, 
or  by  model-magnets.  The  deflecting  forces  are  arranged  along  lines 
which  seek  the  path  of  least  magnetic  resistance,  and  that  is  through 
the  shell.  Each  polar  cap  has  a  twisting  cotiple,  the  components  acting 
against  one  another  in  the  opposite  hemispheres  and  penetrating  the 
shell.  The  midlatitude  zones  constitute  also  a  couple,  acting  to  the 
right  in  the  northern  zone  and  to  the  left  in  the  southern,  penetrating 
the  shell  about  parallel  to  the  ecliptic.  The  equatorial  zone  contains  a 
couple,  on  the  right  side  upward  and  on  the  left  side  downward,  pen¬ 
etrating  the  shell  merely  at  right  angles  to  the  plane  of  the  orbit. 
These  may  merge  into  discontinuous  sheets  to  form  one  system.  The 
effective  magnetic  forces  are  the  physical  resultants  of  an  extremely 
rapid  alternating  field  acting  upon  the  earth’s  magnetic  field.  Induc¬ 
tion  is  probably  important,  as  shown  by  the  greatly  increasing  strength 
of  the  deflecting  field  in  the  polar  caps.  The  temperature  is  also  an 
efficient  term,  because  magnetic  effects  increase  with  decrease  of  the 
temperature  of  the  medium.  The  rotating  of  the  earth  is  a  term  of 
some  importance  and  may  partly  account  for  the  lag,  though  this  view 
is  contradicted  by  the  peculiar  twist  in  the  polar  caps,  where  the  axis 
of  the  couple  is  nearly  at  right  angles  to  that  of  the  couples  in  the 
middle  zones.  Convection  currents  of  the  atmospheric  circulation, 
static  atmospheric  electricity,  the  disintegration  of  the  radiant  waves 
into  heat,  are  also  elements  to  be  considered  in  the  solution  of  this 
complex  problem. 

COMPUTATION  OF  THE  VECTOR  SYSTEM  FOR  .TAN  MAYEN. 

The  preceding  remarks  are  based  upon  the  results  of  the  following 
computation:  There  are  30  stations  available  for  the  discussion  of 
observations  in  H.  I).  Y.  during  a  year,  from  which  the  simultaneous 
variations  AH.  aD.  a  Y.  can  be  obtained.  Table  17  gives  the  stations, 
their  geographical  position,  the  year  of  the  record,  and  the  magnetic 
elements  in  the  two  systems,  F.  D.  I.  and  II.  D.  Y. 

\ 
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Table  17, — Coordinates  of  the  magnetic  elements  at  thirty  stations. 


Stations. 

Longitude. 

Latitude. 

Year.  1 

Declma-  j 
tion. 

Incli¬ 

nation. 

Mag. 

Lat. 

Hori¬ 

zontal 

force. 

Vertical 

force. 

Total 

force. 

li 

m 

s 

O 

, 

„ 

o 

' 

o 

, 

o 

, 

Kingua  Fjord  . 

4 

29 

21  W 

+66 

35 

40 

1882-1883 

72 

12  W 

83 

52 

77 

52 

0.06379 

0.  59321 

0.  59662 

Fort  Kae . 

7 

42 

55  W 

62 

38 

52 

1882-1883 

40 

20  E  1 

82 

55 

76 

2l 

|  0.07669 

0.61760 

0.  62234 

TTglaamie . 

10 

26 

30  W 

+  71 

17 

42 

1882-1883 

35 

37  E 

81 

23 

73 

8 

0.  08940 

0.58980 

0.  59652 

Cap  Thordsen. 

— 1 

2 

49  E 

+  78 

28 

27 

1882-1883 

12 

49  W 

80 

27 

71 

4 

0.08921 

0. 53006 

0.  53751 

.Jan  Mayen - 

0 

33 

53  W 

,70 

59 

48 

1882-1883 

29 

53  W 

79 

2 

68 

49 

0.09745 

0.50294 

0.  51229 

Bossekop . 

— 1 

35 

59  E 

69 

57 

29 

1882-1883 

4 

3  W 

76 

32 

64 

25 

0. 12087 

0.50456 

0.  51885 

Toronto . 

5 

17 

33  W 

+43 

39 

24 

1843-1848 

1 

29  W 

75 

15 

62 

14 

0. 16325 

0.  62000 

0.  64121 

Sodankvla _ 

— 1 

46 

25  E 

67 

24 

30 

1882-1883 

1 

20  W 

74 

45 

61 

24 

0. 13352 

0. 49095 

0.  50781 

Makerstown  .. 

0 

10 

4  W 

+55 

34 

45 

1845 

25 

11  W 

71 

15 

55 

50 

0.  15603 

0. 45963 

0. 48540 

Washington  .. 

5 

8 

12  W 

+38 

53 

39 

1890 

4 

6  W 

71 

5 

55 

34 

0. 19860 

0.  57928 

0.  61238 

Pawlowsk . 

—2 

1 

56  E 

+59 

41 

00 

1883 

0 

42  W 

70 

44 

55 

3 

0.  16380 

0.  46858 

0. 49638 

Dublin . 

0 

25 

4  W 

+53 

21 

00 

1842-1843 

27 

17  W 

70 

41 

54 

58 

0.16182 

0.  46166 

0.  48919 

Wilhelnishaven 

— 0 

32 

35  E 

+  53 

31 

52 

1882-1883 

13 

54  W 

68 

1 

51 

5 

0. 17773 

0.  44030 

0.  47483 

Greenwich 

0 

0 

0 

+  51 

28 

38 

1883 

18 

15  W 

67 

32 

50 

24 

0. 18100 

0.43762 

0.  47359 

Parc  Ste.Maur. 

— 0 

9 

23  E 

+  48 

48 

34 

1889 

15 

45  W 

65 

13 

47 

17 

0. 19522 

0.  42269 

0.  46559 

Vienna . 

— 1 

5 

28  E 

+48 

14 

00 

1884 

9 

35  W 

63 

24 

44 

47 

0.  20554 

0.41031 

0. 45885 

Pola . 

— 0 

55 

24  E 

44 

52 

00 

1890 

10 

14  W 

60 

43 

41 

43 

0.  21948 

0.  39127 

0. 44863 

Los  Angeles  .. 

+  7 

53 

2  W 

+  34 

2 

58 

1882-1889 

14 

28  E 

59 

30 

40 

20 

0.  27273 

0.46300 

0.  53730 

Tiflis . 

59 

10  E 

+  41 

43 

8 

1883 

0 

59  E 

55 

35 

36 

7 

0.25742 

0. 37566 

0.45560 

Zi-Ka-Wei - 

—8 

5 

45  E 

+  31 

12 

30 

1885 

2 

9  W 

46 

18 

27 

37 

;  0.32911 

0.  34435 

0.  47633 

Bombay . 

—4 

51 

16  E 

+  18 

53 

30 

1863 

0 

34  E 

19 

13 

9 

53 

0. 37187 

0. 12967 

0. 38969 

Madras . 

—5 

20 

59  E 

+  13 

4 

8 

1851-1855 

1 

0  E 

7 

37 

3 

50 

0.  37383 

0.  05015 

0. 37718 

Singapore . 

-  6 

55 

23  E 

+  1 

■17 

0 

f843-1845 

1 

35  E 

—12 

41 

—  6 

25 

0.  37250 

— 0. 08383 

0.  38182 

St.  Helena . 

0 

22 

42  W 

—15 

56 

41 

1841-1845 

1  22 

46  W 

—21 

37 

—11 

12 

0.  25710 

>— 0. 10188 

0. 27655 

Batavia . 

— 7 

7 

14  E 

—  6 

11 

0 

1888 

1 

47  E 

-28 

25 

—15 

8 

0.  37094 

— 0. 20070 

0.  42175 

Siid  Georgieu . . 

I  2 

24 

0  W 

— 54 

51 

0 

1882-1883 

0 

15  W 

—48 

53 

—29 

48 

0.  25668 

— 0.  29405 

0.  39033 

Cape  Horn  .... 

4 

41 

41  W 

— 55 

31 

24 

1882-1883: 

20 

11  E 

—52 

55 

—33 

29 

0.  28536 

—0.  37760 

0. 47329 

Cape  Good 

TTnpt* 

15 

55  E 

—33 

56 

0 

1841-1846 

29 

7  W 

—53 

21 

—33 

54 

0.  20740 

_ 0.  27876 

0.  34745 

Melbourne  .... 

—9 

39 

53  E 

—37 

48 

35 

1858-1863 

8 

28  E 

—67 

20 

— 50 

8 

0!  23567 

—0.56409 

0.61134 

Hobarton . 

—9 

49 

50  E 

-42 

52 

30 

1841-1848 

9 

47  E 

—70 

36 

—54 

50 

0. 20700 

— 0.  58790 

0.62319 

The  station  Jan  Mayen,  1882, 1883,  is  transcribed  in  detail  for  every 
month  except  August,  when  there  were  no  observations.  The  monthly 
mean  is  subtracted  from  the  successive  hourly  means  forAH.  aD.z\V, 
and  these  are  transformed  into  o',  s,  <r,  fi.  The  annual  means  are 
taken  and  placed  in  the  last  column  of  Table  18. 


Table  18. — Diurnal  deflecting  forces  at  Jan  Mayen,  1882-1883. 


January. 


February. 


March. 


April. 


Hour. 

<r 

s 

a 

/3 

a  S 

P 

cr 

s 

a 

La 

a 

s 

a 

8 

Mid. 

45  i 

53 

+33 

172 

54 

80 

+48 

195 

27 

71 

+  68 

195 

44 

76 

+ 55 

195 

1 

58  i 

70 

+37 

188 

49 

83 

+  55 

202 

30 

73 

+65 

222 

35 

65 

;  +57 

215 

2  ' 

38 

60 

+50 

206 

70 

103 

+  48 

132 

76 

102 

+41 

208 

53 

54 

+44 

220 

3 

30 

40 

+  42 

225 

60 

68 

1  +40 

227 

ICO 

125 

+  37 

213 

62 

68 

+  37 

223 

4 

35  1 

53 

+  40 

222 

:  60  , 

72 

+34 

232 

100 

118 

+32 

217 

72 

77 

+22 

224 

5 

45 

46 

+  1° 

208 

60 

63 

+  18 

238 

90 

95 

+ 18 

214 

78 

78 

+  5 

226 

6 

22 

22 

—  8 

234 

30  1 

30 

—  2 

272 

65 

65 

+  5 

205 

82 

85 

—13 

230 

7 

16 

20 

—33 

j  320 

25 

27 

—18 

280 

50 

57 

—30 

214 

46 

53 

—30 

222 

8 

20 

22 

—23 

!  358 

27  j 

32 

—33 

330 

13 

57 

—28 

228 

23 

30 

—40 

236 

9 

22 

22 

—  6 

2 

28 

30 

—17 

345 

13 

20 

-48 

235 

20 

22 

—18 

259 

10 

25 

26 

+15 

2 

25  1 

25 

—  4 

347 

61 

63 

—13 

2 

9 

11 

—40 

75 

11 

32  : 

33 

+17 

5 

40 

40 

—  4 

358 

42 

46 

—24 

2 

16 

16 

—10 

20 

IS  oon . 

45 

46 

+  13 

9 

55 

57 

—18 

3 

60 

67 

—25 

12 

41 

41 

—14 

8 

1 

46 

46 

+  6 

9 

73  1 

74 

—  8 

10 

70 

78 

—26 

20 

73 

74 

—  8 

9 

2 

48 

48 

j  —  1 

12 

80 

84 

—18 

9 

102 

108 

—22 

15 

83 

84 

—  8 

12 

3 

62 

63 

-12 

2 

52 

58 

—22 

15 

92 

102 

—25 

16 

87 

91 

-18 

16 

4 

51 

55 

—20 

10 

32 

53 

—53 

35 

105 

120 

—28 

14 

92 

100 

— 25 

20 

5 

45 

52 

—39 

10 

22  ' 

58 

—67 

45 

81 

99 

—34 

25 

87 

97 

—26 

20 

6 

11  i 

40 

—74 

16 

1  54  1 

80 

—48 

66 

40 

66 

—51 

60 

70 

84 

—34 

54 

7 

40 

65 

!  —54 

144 

!  37  | 

56 

—49 

100 

38 

64 

—54 

88 

54 

74 

—44 

71 

8 

33 

50 

j  —50 

143 

i  33  j 

41 

—50 

88 

51 

-  53 

—15 

112 

57 

66 

—30 

89 

9 

46 

50 

-22 

158 

80 

80 

—  2 

140 

46 

46 

0 

148 

35 

36 

+17 

110 

10 

30 

31 

j  +16 

144 

53 

57 

i  +20 

142 

40 

50 

+  36 

143 

62 

70 

+27 

178 

11 

40 

45 

+  30 

170 

13 

32  j 

+  64 

200 

46 

75 

+  52 

183 

76 

100 

+38 

174 

Mid.  ! 

45 

53 

+33 

172 

1  54 

80  | 

+48 

196 

27 

71 

68 

195 

44 

76 

+55 

195 

85 


Table  18. — Diurnal  deflecting  forces  at  Jan  Mayen ,  1882-1883 — Continued. 


May. 

June. 

July. 

September. 

Hour. 

<T 

s 

a 

P 

<r 

« 

a 

3 

<r 

s 

P 

tr 

s 

a 

P 

Mid. 

84 

98 

|  30 

193 

63 

64 

+  12 

175 

46 

78 

+53 

185 

28 

40 

+  44 

187 

1 

77 

97 

+38 

189 

61 

67 

+  26 

200 

97 

130 

+42 

200 

44 

60 

+42 

206 

2 

75 

100 

+41 

209 

105 

112 

+  32 

195 

100 

145 

+  46 

204 

58 

65 

+  28 

214 

3 

93 

105 

i  28 

213 

125 

127 

+  11 

207 

140 

171 

+35 

198 

100 

no 

+  24 

200 

4 

100 

104 

+  15 

216 

127 

130 

—11 

210 

104 

127 

+  34 

210 

61 

61 

+  5 

211 

5 

92 

92 

—  2 

214 

128 

140 

—22 

212 

100 

109 

4  23 

215 

56 

57 

—13 

214 

6 

72 

75 

-16 

215 

94 

116 

—37 

220 

76 

76 

+  1 

222 

48 

56 

—29 

200 

7 

41 

45 

—24 

222 

46 

90 

-59 

227 

70 

70 

0 

228  J 

15 

30 

—61 

182 

8 

29 

33 

-28 

230 

34 

68 

—70 

233 

60 

61 

—  7 

218  1 

15 

25 

—54 

238 

9 

12 

17 

—46 

230 

16 

70 

— 74 

235 

33 

35 

—19 

210  j 

9 

13 

—46 

352 

10 

8 

15 

— 56 

125 

16 

55 

—71 

270 

9 

11 

—43 

270 

6 

7 

—30 

0 

11 

18 

18 

+  89 

8 

29 

70 

—65 

347 

25 

25 

—10 

348 

30 

30 

—  1 

22 

Noon. 

44 

45 

+  14 

17 

46 

80 

—54 

3 

29 

32 

—26 

8 

60 

61 

+  8 

12 

1 

77 

77 

0 

10 

62 

73 

—58 

358 

86 

90 

—15 

4 

42 

43 

+  12  1 

30 

2 

94 

94 

—  3 

8 

97 

130 

—41 

13 

88 

98 

-25 

15  1 

!  83 

83 

+  3 

16 

3 

125 

125 

—  3 

12 

104 

135 

—41 

13 

133 

146 

-24 

15 

90 

90 

—  5 

13 

4 

110 

112 

—12 

10 

140 

173 

—36 

16 

148 

163 

—25 

12 

90 

90 

_  7 

10 

5 

117 

125 

—19 

13 

104 

164 

— 51 

24 

100 

120 

—13 

19 

82 

86 

—17 

20 

G 

95 

112 

—31 

25 

97 

162 

—53 

25 

120 

140 

—71 

28 

70 

80 

—28 

38 

7 

58 

70 

—32 

65 

80 

150 

— 58 

40 

1  82 

100 

—35 

51 

55 

64 

—31 

72 

8 

44 

65 

—48 

93 

64 

128 

—60 

92 

45 

60 

—40 

45 

43 

50 

—33 

86  . 

9 

50 

52 

—18 

117 

66 

107 

—51 

106 

54 

57 

—22 

100 

62 

62 

+  6 

136 

10 

40 

42 

+  18 

128 

45 

67 

—48 

134 

21 

22 

—14 

104 

79 

86 

+  24 

156 

11 

63 

77 

+  35 

169 

32 

39 

—32 

145 

49 

65 

+41 

165 

28 

40 

-4-45 

170 

Mid. 

84 

98 

+  30 

193 

63 

64 

+  12 

175 

46 

78 

+  53 

185 

28 

40 

+44 

187 

October. 

November. 

December. 

Annual  means. 

Hour. 

<7 

s 

a 

P 

c r 

s 

a 

P 

<r 

t  s 

a 

P 

<T 

i  “ 

P 

Mid. 

33 

60 

+  57  j 

210 

73 

95 

+  41 

197 

65 

83 

+38 

200 

51 

j  72 

+  43 

191 

1 

68 

92 

++7 

204 

78 

116 

+  48 

186 

39 

65 

+  54 

190 

58 

84 

+46 

200 

2 

GO 

77 

+  38 

210 

86 

102 

+33 

212 

30 

60 

+  58 

200 

68 

;  89 

1  +41 

201 

3 

63 

75 

+  32 

209 

66 

90 

+43 

219 

58 

70 

+33 

119 

81 

95 

i  +33 

205 

4 

106 

110 

+  14 

207 

22 

76 

+16 

190 

84 

86 

1  +15 

205 

79 

92 

i  +20 

213 

5 

72 

74 

+  12 

215 

57 

78 

+  48 

240 

32 

34 

+20 

210 

74 

79 

+11 

219 

6 

5i 

53 

—14 

214 

40 

44 

+  24 

282 

20 

20 

+  12 

247 

55 

58 

—  7 

231 

7 

16 

29 

—58 

272 

60 

91 

—10 

308 

14 

20 

—44 

240 

!  36 

46 

—33 

247 

8  ! 

20 

28 

—45 

316 

60 

60 

—  1 

320 

17 

18 

—21 

240 

29 

40 

—32 

268 

9 

32 

35 

—28 

328 

50 

50 

-  8 

333 

29 

29 

—  10 

352 

24 

31 

—29 

295 

10 

40 

43 

—23 

342 

65 

65 

—  4 

333 

36 

36 

—  4 

350 

27 

32 

— 25 

291 

11 

55 

55 

—12 

4 

47 

52 

—25 

325 

51 

51 

+  2 

5 

35 

40 

—  4 

0 

Noon. 

106 

110 

—13 

5 

42 

52 

1  —38 

359 

55 

55 

—  3 

8 

53 

59 

1  — 44 

8 

1 

45 

50 

—28 

16 

70 

80 

—29 

4 

61 

61 

—  1 

8 

:  64 

68 

—14 

11 

2 

73 

78 

—20 

14 

67 

96 

—46 

20 

63 

65 

—14 

7 

1  80 

88 

1  — 18 

13 

3 

82 

85 

—15 

20 

68 

112 

,  —40 

32 

68 

71 

—19 

6 

88 

98 

—20 

15 

4 

G6 

88 

—34 

20 

49 

80 

—52 

88 

55 

60 

—25 

10 

85 

99 

1  —29 

22 

5 

52 

70 

—40 

33 

64 

80 

—50 

77 

25 

40 

-50 

20 

[  71 

90 

—36 

28 

,  G 

35 

52 

—48 

76 

116 

124 

—30 

42 

27 

40 

—44 

135 

67 

89 

—47 

51 

7 

70 

71 

—10 

133 

44 

63 

—46 

74 

13 

40 

—73 

100 

52 

74 

-44 

85 

8 

45 

45 

+-  3 

124 

72 

78 

+  26 

132 

58 

64 

—25 

155 

49 

64 

—29 

105 

9 

40 

45 

+  30 

130 

57 

57 

+  3 

146 

55 

61 

-25 

147 

54 

59 

1  —  8 

131 

10 

52 

70 

+  43 

159 

42 

56 

+41 

170 

32 

34 

—20 

142 

45 

53 

1  +13 

145 

11 

31 

38 

+  56 

195 

46 

77 

+53 

180 

34 

46 

+48 

145 

42 

58 

+  38 

172 

Mid. 

33 

60 

+  57 

210 

73 

95 

l  +  41 

197 

65 

83 

+  38 

200 

51 

72 

+43 

191 

THE  GLOBE  MODEL  CONSTRUCTED  FROM  THE  VECTORS  AT  THIRTY 

STATIONS. 

A  table  of  the  annual  means  derived  in  the  same  way  for  thirty  sta¬ 
tions  was  constructed,  and  should  properly  be  given  here,  but  is  omitted 
because  it  differs  merely  by  minor  variations  from  the  adjusted  values 
used  in  making  the  30-inch  globe  model,  which  was  built  up  from  this 
original  data.  There  is  some  looseness  in  the  harmony  of  the  observa¬ 
tions  among  the  stations  of  each  group,  as  may  be  expected  from  the 
many  causes  operating  to  produce  local  variations,  and  from  the  fact 
that  the  computations  covered  only  one  year  at  each  station,  while  the 
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observations  themselves  are  spread  through  forty  years,  1841  to  1883. 
The  fact  of  real  agreement,  however,  indicates  that  the  fundamental 
system  is  persistent,  instantaneous  in  its  development,  and  has  no  sec¬ 
ular  variation.  On  the  large  globe  the  wires  which  represent  the  com¬ 
puted  vectors  were  inserted,  twenty-four  on  a  given  parallel  of  mag¬ 
netic  latitude  corresponding  to  a  station,  one  for  each  hour.  Each 
wire  by  its  length  and  position  shows  the  relative  strength  and  direc¬ 
tion  of  that  impressed  force  which  will  change  the  normal  terrestrial 
magnetic  field  into  the  one  actually  observed  at  the  station  at  the 
given  hour.  The  discussion  of  the  observations  of  terrestrial  magnet¬ 
ism  has  hitherto  usually  confined  itself  to  the  diurnal  variation  of  each 
component,  horizontal  force,  declination,  and  vertical  force,  taken  sepa¬ 
rately.  It  is  obvious  that  our  process  merely  combines  these  varia¬ 
tions  into  one  resultant  vector  acting  in  space,  and  is  not  only  as  legiti¬ 
mate  as  the  prevailing  method,  but  very  much  more  instructive.  A 
*  detailed  description  of  the  vectors  of  the  following  system  would  there¬ 
fore  merely  reproduce  the  facts  stated  at  length  in  the  several  reports, 
of  which  it  is  an  approximate  combination  and  summary. 

Since  each  vector  wire  represents  the  mean  value  of  the  impressed 
force  acting  on  the  average  for  a  year,  the  system  of  vectors  exhibits 
the  distribution  of  the  external  field  of  force  as  defiected  by  the  mate¬ 
rial  of  the  earth  acting  as  a  magnet.  When  the  individual  vector  wires 
were  inserted  on  the  globe  in  latitude  and  longitude  for  all  the  spaces 
available,  it  was  easy  to  see  in  any  locality  the  average  trend  of  the 
vectors.  The  wires  were  therefore  bent  or  adjusted  a  little  to  give  a 
gradually  varying  vector  system,  these  changes  being  the  smoothing 
out  of  the  irregularities  to  a  legitimate  extent;  from  the  system  thus 
constructed  the  vectors  of  the  following  Table  19  were  measured.  They 
form  an  approximate  representation  of  the  mean  magnetic  vector  sys¬ 
tem,  and  this  should  be  discussed  on  its  merits,  whatever  conclusion  it 
may  lead  us  to  adopt.  The  importance  of  the  result  is  such  as  to  war¬ 
rant  a  complete  computation  of  all  available  observations,  in  order 
to  elucidate  some  minor  points  that  still  remain  inadequately  deter¬ 
mined.  The  model  represents  a  mean  annual  system  of  deflecting  forces 
impressed  upon  the  magnetic  meridians  of  the  earth,  the  sun  being  at 
the  intersection  of  the  equator  and  central  noon  meridian;  the  poles 
of  the  model  are  intended  to  represent  the  magnetic  poles  of  the  earth. 
Of  course  the  magnetic  meridians  are  modified  into  great  circles  on  the 
globe. 
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Table  19. — Deflecting  vectors  of  the  equatorial  electro-magnetic  field. 


[Measured  on  the  globe  model.] 


[s= units  fifth  decimal  C.  G.  S. ;  a  =  positive  below  horizon ;  p  =  in  azimuth  X.  W.  S.  E.] 


Midni- 

rht. 

1  a.  m. 

l  a.  m. 

3  a.  m. 

4  a.  m. 

5  a.  in. 

Mag 

s 

s 

a 

0 

s 

a 

3 

s 

a 

a 

* 

a  i 

P 

S  j  a 

0 

Kingua  Fjord  . . . 

+78 

1  1 

60  r40  140 

60 

] +45 

145 

65  +50 

155 

73 

+53 

170 

82 

+55 

180 

92  52 

185 

Fort  Rae . 

76 

60  +  OS 

150 

62 

+  46  155 

70  +52 

165 

76 

+  50 

180 

82 

+50 

190 

88+50 

195 

Point  Barrow  . . . 

73 

58  38  155 

61 

48  165 

72  +50 

175 

80 

+  46 

185 

85 

+  44 

195 

92  +45 

205 

Cap  Thordsen  .. 

1  71 

56  +37 

160 

68 

r  48  175 

76 

i  +45 

185 

82 

+  43: 

195 

87 

+42 

205 

91  +40 

210 

Jan  Mayen . 

69 

58  +35  170 

66 

+  45  185 

74  +38 

195 

85 

+  40 

205 

89  +401 

210 

89  +40 

215 

Bossekop . 

65 

60  3L 

185 

64 

|  40  195 

70  +34 

205 

75 

+  46 

215 

60 

+35 

220 

50  +35 

225 

Sodankvla . 

62 

65  +31 

195 

58 

+  35  205 

t  53  +30 

215 

48 

+32 

225 

40 

+  30 

235 

35+30 

235 

Toronto . 

61 

10  30 

255 

10 

+30  230 

10 

1  +25 

225 

14 

+25 

235 

17 

t  +25 

240 

19+25 

245 

Washington  . . . . 

56 

18—22 

290 

18 

—30  290 

18 

— 40 

275 

18 

—40 

275 

18 

[-42 

285 

!  18  —43 

295 

Makerstown - 

55 

If 

i — 24 

295 

18 

—33 

295 

18 

— 42 

270 

18 

—40 

285 

18 

-44 

290 

19  —44 

295 

Dublin . 

55 

17j— 27 

300 

18 

—37 

295 

17 

— 44 

265 

17 

— 40, 

280 

17 

—46 

290 

19—45 

;  290 

Pawlowsk . 

51 

17 

—30 

300 

17 

40  295 

17 

—46 

260 

17 

— 44 

270 

17 

1—48' 

295 

1  19—46 

295 

TVilhelmshaven  . 

51 

16 

+  25 

305 

14 

+  28 

300 

12 

+  27 

[  290 

13 

27 

305 

15 

+26 

305 

16  --25 

300 

Greenwich . 

50 

16 

+  24 

310 

11 

29 

300 

12 

+  22 

!  300 

12 

+  30 

305 

14 

+25 

305 

16+21 

300 

Paris . 

47 

15  23 

310 

14 

-  30 

300 

13 

+  21 

305 

12 

+  32 

300 

15 

24 

305 

16  +19 

300 

Vienna . 

45 

15  ;  25 

305 

13 

+  31 

300 

13 

|  20 

300 

12 

4-32 

305 

15 

‘+27 

305 

18  21 

|  305 

Pola . 

42 

13  27  300 

13 

|  32 

3C5 

12+20 

305 

12 

+32: 

305 

12+32 

310 

15  +27 

305 

Los  Angeles  . . . . 

40 

13 

f-  30  300 

13 

+  34 

310 

12+23 

315 

12 

+34 

310 

14 

+  37 

315 

17+31 

[  305 

Tiflis . 

36 

12  351  300 

13 

+  37 

315 

14+30 

320 

15 

+  36 

315 

15 

38 

310 

17  +36 

305 

Zi-ka-wei . 

28 

9 

+65 

210 

8 

+  65 

;  225 

9 

+  50 

240 

10 

-42 

250 

11 

+  40 

240 

13  +40 

225 

Bombay . 

10 

23  +35 

185 

22 

-J  -  3t 

190 

22 

+40  185 

22 

r46 

180 

'  21 

,  +  43 

185 

20  +40 

185 

4 

21 

+  35 

185 

22 

+  35 

195 

23 

4-37 

185 

21 

45 

180 

20 

+40 

185 

20-38 

190 

Singapore . 

—  6 

20 

35 

190 

21 

+33 

200 

22 

+  35  190 

21 

+  43 

185 

20 

+35 

195 

19  +37 

190 

St.  Helena . 

—11 

18 

+  32 

185 

16 

32 

200 

18 

+  35 

190 

20 

40 

190 

17 

1  +  33 

195 

16  -35 

185 

Batavia . 

—15 

16  +30 

180 

14 

+30 

195 

16 

+  35 

185 

18 

35 

195 

13  -j  30 

190 

12+33 

[  180 

Siid  Georgien  . . . 

—30 

20 

—30 

70 

20 

—30 

65 

18 

—30 

65 

17 

—30 

60 

19 

—30 

50 

21—30 

45 

Horn 

_ 33 

20 

—28 

20 

— 30 

70 

18 

—39 

70 

19 

—34 

65 

21 

_ 34 

45 

22—32 

45 

Cape  Good  Hope 

—34 

20 

_ 27 

80 

20 

—32 

70 

19-35 

70 

19 

—36! 

65 

!  20 

-S7 

45 

23[— 34 

45 

Melbourne . 

—50 

18 

-26 

85 

18 

_ 32 

70 

17 

!— 37 

75 

19 

—38 

65 

20 

!— 38 

45 

21-35 

40 

Hobarton _ 

—55 

16 

—26 

j  85 

16 

— 33 

75 

15 

—40 

75 

17 

—40 

60 

20 

—40 

45 

21—36 

40 

Station. 

Mag. 

6  a.  m. 

7 

a.  iu. 

8  a.  m. 

9  a.  m. 

10  a.  m. 

11  a.m. 

Inf 

s 

a 

0 

* 

a 

/? 

s 

a 

0 

s 

a 

0 

s 

a 

P 

$  a 

!_*_ 

Kinqua  Fjord  . . . 

+  78 

93 

+  50 

190 

92 

+47 

195 

87 

+  47 

200 

82  +37 

205 

58 

+  40 

210 

66—50 

350 

Fort  Rae . 

76 

94 

+  50 

195 

100 

+  46 

200 

90 

+  39 

205 

78 

+  40 

210 

52 

43 

220 

64—48 

350 

Point  Barrow  . . . 

73 

98 

|  45 

205 

105  +42 

210 

88 

!+37 

215 

65 

+  43 

220 

43 

—43 

340 

50—46 

0 

Cap  Thordsen . . . 

71 

93 

H  40 

210 

88 

+  39 

215 

75 

+  36 

225 

50  +37 

230 

;  38 

-50 

345 

43—43 

[  10 

J  an  Mayen . 

69 

90 

+  35 

215 

75 

+  37 

220 

55 

+  34 

1  235 

40  +34 

235 

28 

—50 

350 

40  -40 

15 

65 

46  +  33 

230 

40 

+  35 

230 

as  j  aa 

245 

33 

—33 

325 

26 

—38 

330 

38 _ 35 

20 

SUvl  ank  ylfl 

62 

33  -ran 

240 

30 

+33 

245 

97 

4-39 

250 

27 

—32 

310 

26 

— 40 

285 

28  —45 

80 

Toronto . 

61 

21 

+  30 

280 

26 

+  30 

285 

26+30 

270 

26 

—30 

300 

26 

—40 

250 

25.-50 

145 

Washington  .... 

56 

19 

[—33 

290! 

21 

—26 

!  285 

24 

-20 

275 

27 

— 25 

250 

29 

—35 

230 

23-44 

:  130 

Makerstown _ 

55 

20 

—34 

295 

22 

—29 

285 

24 

—25 

275 

26 

—23 

245 

28 

—32 

225 

23—39 

125 

Dublin . 

55 

21 

—36 

295 

23 

—31 

285 

25 

—28 

280 

28 

—22 

245 

26 

—30 

225 

24—37 

120 

Pawlowsk . 

54 

22 

—38 

295 

24 

—33 

285 

26 

—30 

275 

27 

—22 

240 

26 

-32 

225 

24  —39 

120 

Wilhelmshaven  . 

51 

18 

+  23 

300 

23 ; 

+22 

285 

26 

—25 

270 

27 : 

—19 

245 

27 

—35 

225 

26  —40 

125 

Greenwich . 

50 

18+25 

300 

23' 

+23 

285 

26 

—23 

275 

27 

—18 

245 

27 

-35 

225 

27—35 

125 

Paris . 

47 

18 

+27 

305. 

21 

+24 

300 

24 

+  20 

285 ' 

26 

-20 

245 

27 

—36 

225 

27  -33 

130 

Vienna . | 

45 

25 

+  28 

3  lot 

22 

+  27 

305 

24 

+29 

290 

26 

—21 

240 

27 

—38 

225 

27  —32 

135 

Pola . 

421 

19' 

—  29 

310 

21 

+30 

:  305 

24 

+23| 

290 

26 

—221 

240 

27 

—38 

230 

27  —33 

135 

Los  Angeles _ 

40 

19+30 

305 

21 

+  32 

310 

25 

+25: 

295 

27 

—24 

235 

26 

—39 

235 

26—35 

140 

Tiflis . 

36 

19 

+32 

295 

21 

+35 

295 

25 

+  28 

285 

27 

—27 

235 

27 

-41 

230 

27j— 38 

140 

Zi-ka-wei . 

28 

15 

+35 

210 

18 

+  35 

220 

22 

+  30 

260 

23 

—42 

230 

23 1 

—44 

225 

24  -34 

145 

Bombay . 

10 

22 

+37 

185 

23 

+36 

165 

23 

+30 

140 

24 

—28 

40 

34 

—28 

20 

43—27 

10 

Madras . 

+  4 

22+36 

185 

23 

+35 

165 

23 

+29 

130 

24 

—25 

45 

35 

—30 

25 

44—24 

20 

Singapore . 

—  6 

19  35 

185 

20 

+37 

160 

24 

+  29 

120 

27 

-  23 

50 

37 

—27 

30 

45  —22 

25 

St.  Helena . J 

—  11 

18 

+  35 

185 

20 

+  39, 

155 

24 

+  31 

105 

28 

-21 

50 

35  [ 

—22 

35 

45  —20 

30 

Batavia . 

—15 

15 

+35 

180 

20 

40 

150 

25+33 

90 

28 

-2°. 

55 

33 

—19 

40 

40  -18 

35 

Siid  Georgien  . . . 

—30 

24 

— 32[ 

40 

26 

— 28 

50 

27 

—30 

65 

28 

—35 

75 

28 

+30 

115 

27  +35 

150 

flnpft  Horn 

_ 33 

24 

_ 30 

45 

26 

_ 26 

55 

28 

70 

29 

— 35 1 

28 

+30 

120 

27+37 

150 

Cape  Good  Hope. 

—34 

25 

—30 

45 

27 

—23 

55 

29 

—26 

70  [ 

30 

—33 

80 

28 

+25 

120 

26  +40 

150 

Melbourne .  . 

—50 

23 

—30 

40 

25 

—21 

55 

26 

—27 

70 

27 

—32 

75 

26 

23 

115 

24+38 

145 

Hobarton . 

—55 

22 

1 

—32 

40 

25j 

—20 

60 

28 

—30 

65 

—30 

75 

“! 

r25 

no 

23  +35 

140 
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Table  19. — Deflecting  vectors  of  the  equatorial  electro-magnetic  field — Continued. 


[Measured  on  the  globe  model.] 


[s~  units  fifth  decimal  C.  G.  S. ;  a  =  positive  below  horizon;  0  =  in  azimuth  H.  W.  S.  E.] 


Station. 


Kinqua  Fjord  . . . 

+78 

Fort  Kae . 

76 

Point  harrow  . .. 

73 

Cap  Thoidsen  . . . 

71 

Jan  Mayen . 

69 

Bossekop . 

65 

Sadanlcvla . 

62 

Toronto . 

61 

"Washington _ 

56 

Makerstown _ 

55 

Dublin . 

55 

Pawlowsk . 

54 

W'ilhelmshaven  . 

51 

Greenwich . 

50 

Paris . 

47 

Vienna . 

45 

Pol  a . 

42 

Los  Angeles . 

40 

Tifiis . 

36 

Zi-ka-wei . 

28 

Bombay . 

10 

\1  ad  ms 

Singapore . 

—  6 

St.  Helena . 

—11 

Batavia . 

—15 

Slid  Georgien  . . . 

—30 

Cape  Horn 

_ 33 

Cape  Good  Hope . 

—34 

Melbourne . 

—50 

Hobarton . 

— 55 

Xoon. 


s 

a 

,3 

74 

—51 

355 

72 

-48 

0 

63 

—46 

5 

57 

—42 

15 

54 

—39 

20 

48 

—36 

30 

27 

-35 

75 

26 

—35 

120 

30 

—35 

115 

30 

—32 

115 

32 

—34 

no 

32 

— 35 

lie 

35 

-37 

115 

37 

—35 

110 

38 

—35 

105 

36 

—33 

105 

35 

—34 

105 

35 

j—35 

105 

35 

—37 

100 

27 

—42 

75 

44 

1—27 

15 

44 

—28 

15 

44 

'—30 

15 

43; — 32 

10 

41 

—35 

10 

30 

+45 

220 

30 

+43 

225 

28 

+40 

2i0 

27 

+40 

230 

25 

+35 

230 

Station. 

Mag. 

6 

i  p.  m. 

lat. 

s 

a 

0 

Kinqua  Fjord. .. 

+78 

80 

—42 

20 

Fort  Kae . 

76 

82 

83 

—40 

25 

Point  Barrow  . . . 

73 

i— 37 

30 

Cap  Thordsen. . . 

71 

86 

—36 

30 

J an  Mayen . 

69 

84 

—36 

30 

Bossekop  .  ... 

65 

72 

'—35 

35 

Sodankyla 

62 

60 

14 

_ 34 

35 

Toronto . 

61 

—43 

30 

"Washington 

56 

21 

+58 

25 

Makerstown  .... 

55 

24 

+60 

20 

Dublin . 

55 

24 

+  58 

20! 

Pawlowsk . 

54 

22 

+56 

15! 

"Wilhelm shaven  . 

51 

19 

+  54 

25 

Greenwich . 

50 

18 

+  54 

30 

Paris . 

47 

17 

+56 

35 

Vienna . 

45 

16  +55 

45 

Pol  a . 

42! 

13  +56 

55 

Los  Angeles  .... 

40 

12 

4  58 

115 

Tiflis.... . 

36 

12 

+  60 

125 

Zi-ka-wei . 

28 

16 

+32 

155 

Bombay . 

10 

17! 

+27 

195 

Madras . 

+  4 

18 

+24 

195 

Singapore . 

—  6 

19 

+  22 

190 

St.  Helena . 

—11 

19 

+  20 

190 

Batavia . 

— 15 

20 

+  18 

190 

Siid  Georgien  . . . 

—30 

21 

—40 

255 

Cape  Horn . 

Cape  Good  Hope. 

—33 

—34 

21 

20 

-40 

—40 

255 

260 

Melbourne . 

—50 

20 

-  40 

270 

Hobarton . 

1  -55 

19 

—40 

280 

1 

p.  m. 

2 

1  p.  m. 

3 

i  p.  m . 

4 

p.  m. 

5 

p.  m. 

s 

a 

0 

s 

a 

i  0 

* 

a 

0 

s 

a 

0 

s  \ 

a 

3 

85 

-52 

0 

93 

—53 

10 

94 

— 50 

15 

93 

—47 

15 

90 

—44 

20 

75 

—49 

10 

80 

—50 

15 

89 

—46 

20 

94 

—45 

20 

90 

—41 

25 

68 

—45 

15 

76 

—45 

20 

87 

—42 

25 

94 

—42 

25 

95 

—38 

30 

68 

—42 

20 

76 

—40 

20 

90 

-39 

•  25 

100 

—38 

251 

97 

—34 

30 

62 

—39 

25 

75 

—37 

25 

90 

—36 

25 

102 

—34 

25! 

94 

—30 

30 

55 

—36 

35 

70 1 

—35 

35 

80 

—33 

30 

84 

—33 

30 

83, 

—30' 

30 

35 

—34 

60 

44 

—30 

55 

52 

—30 

45 

58 

—32 

40 

62 

—32 

35 

27 

—30 

110 

26 

— 25 

70 

26 

28 

60 

24 

—30 

55 

18 

—40 

40 

31 

—26 

105 

29 

—24 

CO 

27 

+23 

70 

25 

+  40 

50 

23 

+  42 

45 

31 

—24 

100 

29 

-21 

90 

27 

+24 

75 

26 

+42 

60 

24 

4M4 

50 

31 

—22 

100 

29 

—18 

90 

27 

+24 

80 

26 

+  40 

65 

24 

r  44 

55 

32 

—20 

100 

30 

-17 

90 

27 

-|-22 

85; 

25; 

+  39 

70 

23 

+  42 

65 

34 

—20 

105 

30 

—18 

95 

25 

+20 

95 

21 

+40 

|  80 

19 

+42 

75 

36 

—20 

100 

33 

—19 

95 

25 

+  19 

95 

21 

+  40 

80 

18 

!  45 

85 

36 

—21 

100 

33 

—20 

95 

26 

+  18 

95 

22 

+  38 

80 1 

18 

+44 

90 

35 

— 22' 

100 

30 

—22 

95 

26 

+  18 

100 

22 

+  37 

85 

18 

+  42 

90 

33 

— 25 

100 

30 

—25 

95 

25 

+  20 

:  95: 

21 

+  37 

90 

17 

+  45 

95 

33 

— 30 

100 

30 

—26 

95 

25 

+22 

95 

21 

+  38 

90 

17 

+  47 

100 

33 

!— 36 

90 

30 

—29 

i  85 

24 

+27 

90 

20 

+42 

110 

16 

+  50 

110 

26 

: — 45 

45 

23 

-30 

65 

20 

+45 

50 

13 

+48 

115 

15 

+  54 

140 

40 

— 33 

345 

37 

-30 

340 

19 

_ 32 

315 

16! 

+30 

1  225 

15 

+35 

195 

40 

— 32 

345 

35 

-28 

340 

18 

—30 

305 

17 

+32 

;  220 

16 

n+O 

,  195 

40 

— 30 

345 

33 

—26 

335 

17 

I — 28 

300 

17 

+  32 

220 

17 

-25 

200 

40 

— 30! 

340 

32 

-25 

335 

15 

!— 28 

295 

16 

+30 

220 

16 

+20 

200 

38 

— 30j 

340 

32 

—25 

330 

15 

—28 

290 

16 

+30 

215 

17 

+  15 

200 

31 

+  40 

230 

32 

+35 

240 

32 

+30 

260 

28 

—30 

270 

24 

—40 

265 

32 

+38 

230 

32 

;+36 

!  245 

30 

+35 

2G0 

29 1 

—30 

275 

25 

—40 

270 

30 

+35 

230 

30 

+  37 

250 

30 

+30 

260 

28; 

—25 

I  275 

25, 

—38 

275 

32 

+33 

235! 

30 

+38 

260 

;  30 

+30 

265 

27 

—30 

;  275 

24 

—37 

280 

33 

1 

+35 

240 

28 

+37 

265 

;  30 

+  35 

265 

26 

—35 

280 

21 

—40 

280 

’  p.  m. 

8p.m. 

|_J 

)  p.  m. 

j  10  p.  m. 

11  p.  m. 

a. 

3 

s 

a 

0 

1  S 

a 

i  0 

!  s 

a 

|  0 

S  '  a 

68 

—40 

25 

58 

—35 

30 

55 

—32 

'  30 

52 

—28 

SO1 

44  +38 

- 

135 

70 

—37 

25 

60 

—34 

30 

56 

—31 

!  40; 

54 

—24 

40, 

52  +40 

140 

72 

—36 

30! 

62 

—36 

35 

57 

—27 

!  50 

54 

—20 

45 

52  +42 

145 

70 

—34 

30 

go! 

—38 

40 

55 

—23 

i  60 

55 

+  25 

130 

56  +40 

150 

60 

—33 

35; 

57 

—33 

45 

53 

—20 

!  65 

53! 

+  30 

140 

57;+38 

160 

50 

—30 

[  40! 

45 

—27 

45 

43  +28 

140 

44 

+  30 

150 

50+34 

180 

42 

—25 

40 

37 

—22 

50 

!  38  +28 
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Chart  14. — Deflecting  forces  of  the  electro  magnetic  field  with  sun  on  central  meridian. 

/2=Aumuth  counted.  0°=north,  90°  west,  180°  south,  27(P  east.  Altitude 
counted,  -(-below  surface,  — above  surface,  s— .Length  of  the  deflecting  vector 
force  at  given  place  and  time.  Red  lines=forces  entering  the  earth.  Blue  lines— 
forces  emerging  from  the  earth. 
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Chart  14  shows  the  vectors  of  the  model  looked  at  from  the  sun  and 
along  its  radiant  lines.  Chart  15  shows  the  same  model  looking  down 
upon  the  north  magnetic  pole.  The  orientation  and  position  of  the 
stations  is  shown  by  the  precepts  on  the  diagrams.  Chart  16  gives  a 
scheme  of  the  vectors  iu  both  hemispheres.  It  is  once  more  recom¬ 
mended  that  a  similar  model  be  constructed  by  students  who  desire  to 
have  a  fitting  idea  of  this  magnetic  field. 


Midnight 


Chart  15. — Deflecting  forces  of  the  electro-magnetic  field,  north  magnetic  hemisphere. 


DESCRIPTION  OF  THE  FORCES  OF  THIS  MAGNETIC  SYSTEM. 

An  inspection  of  the  model  shows  that  it.  is  constructed  under  these 
controlling  conditions,  (1)  couples,  (2)  magnetic  refraction,  (3)  a  perme¬ 
able  shell.  There  are  three  distinct  couples:  (1)  That  in  the  polar  cap, 
with  axis  in  northern  hemisphere  on  the  4  o’clock  meridian.  The 
counterpart  in  the  southern  hemisphere  is  not  in  evidence  for  lack  of 
observations,  but  symmetry  requires  its  existence.  The  vectors  are 
strong,  and  vary  from  0.00100  C.  G.  S.  to  .0.00040  O.  G.  S.,  the  long 
ones  spreading  out  and  entering  the  cap  on  each  side  at  4  a.  m.,  but 
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concentrating  and  emerging  on  the  opposite  side  at  4  p.  m.  Along  the 
10  a.  m.  and  10  p.  m.  meridians  the  lines  evidently  pass  through  the  cap. 
Probably  all  the  entering  lines  are  transmitted  within  the  cap,  but  this 
is  not  so  certain,  as  some  lines  may  perhaps  pass  through  the  shell  from 
north  to  south,  like  the  lines  of  the  polar  field  previously  described.  (2) 
The  second  couple  is  in  the  midlatitude  zones,  with  vectors  toward  the 
sun  in  the  northern  and  away  from  the  sun  in  the  southern  hemisphere. 
(Chart  14.)  These  vectors  do  not  converge  on  the  noon  meridian,  but  at 
10.30  a.  m.,  and  they  represent  a  sheet-system  asymmetrically  disposed 
to  that  plane  on  the  illuminated  side  of  the  earth.  Whether  this  is  a 
true  lag  angle  caused  by  rotation  or  a  displacement  due  to  the  fact  that 
the  magnetic  lines  seek  the  coldest  surface  regions  consistent  with  the 
balance  of  the  total  system,  and  is  therefore  partly  a  meteorological  phe¬ 
nomenon,  it  is  not  easy  to  say.  The  corresponding  plane  of  divergence 
of  the  sheets  in  the  northern  hemisphere  is  at  6.30  p.  m.,  and  in  the 
southern  hemisphere  at  8  p.  m.  The  southern  hemisphere  seems  to  be  in 
some  respects  twisted  about  one  hour  in  the  direction  of  rotation  rela¬ 
tively  to  the  northern.  (3)  The  third  couple  is  in  the  tropical  zone,  with 
vectors  emerging  northward  on  the  sun  side  and  entering  southward 
on  the  dark  side  of  the  earth.  All  these  couples  are  consistent  with 
the  view  that  the  earth,  having  its  positive  magnetism  south  and 
negative  north,  is  placed  in  a  field  of  force  diminishing  in  strength 
from  the  sun  outward,  because  the  southern  geographical  hemisphere 
is  repelled  and  the  northern  attracted.  This  would  seem  to  be  proof 
positive  that  the  electro  magnetic  field  of  solar  radiation  is  capable  of 
acting  like  a  static  field,  and  is  one  more  instance  of  the  breaking 
down  of  the  distinction  usually  maintained,  that  the  nature  of  the 
static  and  dynamic  lines  of  magnetic  force  is  essentially  dilferent. 
So-called  statical  lines  are  probably  rotating  vortices,  the  angular 
velocity  being  unknown,  but  great.  Dynamic  radiant  lines  are  quite 
certainly  transverse  vibrations  of  enormous  frequency,  but  both  are 
essentially  dynamic  conditions  of  ether  motion  and  should  be  treated 
from  this  point  of  view. 

The  phenomena  of  refraction  is  clearly  seen  to  be  a  characteristic  of 
this  field  of  force.  Thus  across  the  north  polar  region  there  is  a  line 
of  tangency  where  the  vertical  component  disappears,  on  the  west  side 
of  which  the  forces  enter  and  on  the  east  side  emerge.  This  line 
extends  southward  between  8  a.  m.  and  9  a.  m.  to  the  southern  hemi¬ 
sphere,  but  reverses  the  relative  entry  and  emergence  of  the  vectors. 
It  returns  between  the  2  p.  m.  and  3  p.  m.  meridians,  having,  no  doubt, 
crossed  the  south  pole  with  its  counterpart  vectors.  It  makes  a  turn 
along  the  sixtieth  north  parallel  just  under  the  aurora  belt  till  it  joins 
its  lines  over  the  polar  regions  (Chart  15,  dotted  lines).  Between  10  a.  m. 
and  11a.  in.  the  declination  component  vanishes,  when  H  and  V  are  at 
a  maximum.  This  line  also  passes  from  the  north  pole  to  the  south  pole, 
but  has  a  tendency  to  become  11  a.  m.  or  11.30  a.  m.  in  the  southern 
hemisphere.  It  does  not  appear  on  the  dark  side  of  the  earth. 
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There  is  a  belt  including  the  stations  Washington,  Makerstown,  Dub¬ 
lin,  Pawlowsk,  near  magnetic  north  latitude  50°  extending  from  mid¬ 
night  to  6  a.  in.,  where  the  sign  of  the  vertical  angle  is  not  decisively 
determined.  The  impression  from  the  neighboring  stations  on  the  model 
is  that  it  should  be  + ,  that  is  entering  the  surface  ;  but  from  the  compu¬ 
tations  it  is  probably  — ,  as  given.  There  is  a  transition  from  one 
sheet  to  the  other  at  this  latitude,  and  its  effect  may,  in  fact,  be  to  make 
the  angle  a  negative  along  a  narrow  zone.  Further  attention  should 
be  paid  to  this  region.  It  may  be  remarked  that  usually  the  passage 
from  one  system  of  couples  to  another  is  accompanied  by  small  values 
of  s,  large  values  of  a,  and  rapidly  changing  values  of  ft. 

The  distribution  of  any  system  of  outside  forces  is  determined  not 
only  by  the  permeability  of  the  material  but  by  its  shape  as  well,  because 
a  path  that  is  limited  to  a  narrow  region  inside  necessarily  constrains 
the  outside  force  to  take  up  such  curves  in  the  ether  as  will  carry 
them  to  the  surface  at  angles  consistent  with  the  index  of  magnetic 
refraction  and  the  interior  path.  Hence  we  have  in  the  case  of  a  shell 
a  system  of  forces  (1)  compelled  to  go  through  a  thin  cap  at  the  poles, 
(2)  around  thin  zones  in  middle  latitudes,  and  (3)  up  and  down  through 
a  thin  zone  in  the  equatorial  regions.  This  explanation  is  entirely  con¬ 
sistent  with  the  results  of  the  discussion  of  the  polar  magnetic  field,  on 
the  view  that  the  sunlight  field  has  the  power  to  act  like  an  ordinary 
magnetic  field  as  usually  understood.  Recalling  now  the  conclusions 
of  the  preceding  chapter,  where  it  was  indicated  that  we  have  three  com¬ 
ponent  fields  of  magnetic  force  to  consider,  namely,  (1)  the  field  from 
the  earth’s  magnetization,  (2)  the  impressed  field  from  the  normal  polar 
magnetism  of  the  sun,  (3)  the  variations  of  these  fields,  the  former  in 
secular  and  the  latter  in  short  periods,  we  have  yet  to  add  the  field  (4) 
just  now  derived  from  the  equatorial  solar  radiation.  We  thus  advance 
to  another  degree  of  complication,  when  discussing  the  action  of  induc¬ 
tion  from  vibrations  of  great  frequency,  from  the  motion  of  the  mass  of 
the  earth  within  two  outside  fields,  from  convection  currents  of  the 
atmosphere,  from  degeneration  of  all  waves  into  Joule’s  heat,  from 
atmospheric  electricity,  and  even  other  types  of  energy. 

At  this  place  many  academic  questions  can  be  raised,  resulting  from 
old  theories,  or  from  lack  of  understanding  of  the  full  consequences  of 
the  evidence  here  brought  forward,  but  it  must  be  remembered  that 
discussions  involving  the  conflict  of  old  and  new  views  only  serve  to 
obscure  the  question,  unless  it  can  be  shown  by  fair  criticism  that 
the  treatment  of  the  observations  is  in  some  way  incorrect.  If  the 
evidence  is  accepted  as  sound,  then  portions  of  the  theories  regarding 
the  origin  of  terrestrial  magnetic  forces  which  are  now  held  must  be 
abandoned  or  else  modified  to  meet  the  facts  brought  forward.  For  my 
part,  after  patient  consideration  of  all  the  data,  I  see  no  reason  for  not 
accepting  the  views  substantially  as  explained  in  my  papers  pertaining 
to  these  subjects. 
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CHANGE  OF  THE  ENTIRE  VECTOR  SYSTEM  IN  LATITUDE  WITH  THE 

SUN’S  DECLINATION. 

As  a  proof  that  the  vector  system  here  attributed  to  the  electro-mag¬ 
netic  field  has  in  reality  that  origin,  there  is  one  fact  which  can  not  be 
reproduced  in  full  in  this  abstract.  In  studying  the  vectors  from  month 
to  month  (see  Jan  Mayen)  it  is  found  that  as  the  sun  changes  its  decli¬ 
nation  the  entire  magnetic  system  follows  it  in  both  hemispheres.  At 
each  station  there  occurs  a  variation  in  the  components,  such  as  has 
been  studied  in  the  annual  variations,  which  yet  constantly  refers  the 
couples  to  an  axis  always  pointing  to  the  sun.  In  no  other  way  could 
this  occur  than  as  a  consequence  of  the  changing  aspect  of  the  earth’s 
field  in  the  external  held,  brought  about  by  the  orbital  motion  of  the 
earth  around  the  sun.  Those  who  seek,  therefore,  to  account  for  the 
earth’s  magnetic  held  by  atmospheric  currents  of  convection  alone, 
omitting  impressed  external  helds,  must  show  that  such  meteorological 
air  currents  exist  as  would  produce  not  only  the  distribution  described 
in  the  preceding  but  also  in  the  present  chapters.  It  is  much  more 
probable  that  certain  meteorological  elfects  must  be  ascribed  to  the 
action  of  the  external  helds,  than  that  the  helds  themselves  should  be 
the  elfects  of  the  movements  of  the  atmosphere  in  convection  currents. 
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Chapter  5. 


SOME  RELATIONS  BETWEEN  THE  VARIATIONS  OF  THE  TER¬ 
RESTRIAL  MAGNETIC  FIELD  AND  THE  METEOROLOGICAL 

ELEMENTS. 

METHOD  FOLLOWED  IN  COMPARING  MAGNETIC  AND  METEOROLOGI¬ 
CAL  DATA. 

We  will  now  briefly  sketch  the  process  employed  in  our  own  investi¬ 
gations,  in  an  attempt  to  bring  this  entire  subject  to  a  more  definite 
conclusion  than  has  heretofore  been  secured.  The  data  accessible  in 
the  publications  of  previous  papers,  such  as  van  Bebber’s,  will  not  be 
referred  to  any  further,  since  our  effort  has  been  to  secure  new  evidence, 
especially  pertaining  to  the  United  States.  The  conclusions  reached 
have  been  based  upon  the  careful  discussion  of  a  large  mass  of  material, 
involving  slow  approximations  and  the  repeated  traversing  the  same 
data  several  times,  as  one  difficulty  after  the  other  was  cleared  away. 
Even  as  matters  now  stand,  it  will  require  further  consideration  of  the 
data  in  order  to  reach  a  perfect  exposition  of  the  several  parts  of  this 
complex  problem.  Having  developed  an  ephemeris  depending  upon 
the  periodic  variation  of  the  earth’s  magnetic  field,  this  was  laid  at  the 
basis  of  further  progress  in  the  analysis,  the  object  being  simply  to 
discover  the  fundamental  normal  curve  representing  the  impressed 
solar  magnetic  field,  and  to  detect  the  occurrence  of  the  same  periodic¬ 
ity  in  the  meteorological  changes  of  the  atmosphere,  if  such  actually 
exists.  The  process  of  computing  the  horizontal  component  <7,  described 
above  in  Chapter  2,  was  extended  to  five  European  stations,  for  the 
years  1878  to  1889  inclusive.  Since  the  ratio  of  the  component  a  to 
the  total  force  s  is  for  these  stations  nearly  constant  on  the  average, 
and  since  the  variations  of  H  and  D  are  more  accurately  measured 
than  those  of  V,  the  compilation  of  magnetic  data  was  limited  to  the 
component  a.  In  Table  20  is  exhibited  as  specimens  for  two  years, 
1878  and  1882,  the  observed  mean  values  of  a.  Each  entry  is  the 
mean  of  the  computed  a  at  Greenwich,  Vienna,  Prague,  Pawlowsk, 
Tiflis,  when  these  stations  were  available.  Thus  -f  46  means  that 
4-  0.000046  is  the  mean  a  for  January  8,  1878,  in  O.  G.  S.  units  for  five 
stations.  In  order  that  no  bias  might  attach  itself  to  the  first  derived 
form  of  the  normal  curve,  it  was  assumed  that,  if  certain  days  of 
the  period  possess  an  excess  of  force  over  others,  this  would  be  declared 
by  an  increase  of  the  absolute  numerical  values  on  such  days.  The 
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mean  of  these  tabular  quantities  was  therefore  taken  without  regard 
to  sign;  aud  it  is  shown  on  the  line  marked  “ mean,7’  for  each  year. 
Afterwards  these  numbers  were  added  algebraically,  using  all  the  signs. 
Then  the  series  of  annual  means,  1878-1889,  was  collected  into  one 
table,  and  the  final  mean  taken  for  the  entire  interval.  These  numbers 
were  plotted  into  a  curve  of  relative  values,  and  it  gave  substantially 
the  form  presented  in  chapter  1,  chart  9,  which  is  the  normal  type 
finally  settled  upon,  except  that  the  minor  crest  at  day  8  was  lacking, 
and  the  double  crest  from  days  17  to  19  was  merged  into  one  sweep. 
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Table  20. —  Variations  of  the  horizontal  force  d,  for  1878  and  1882. 


[Units  sixth  decimal,  C.  G.  S.] 


1 

2 

3 

4  1 

5 

6 

8 

9 

10 

u  ! 

12 
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1878. 

Jan.  8. 50 
Feh.  4.18 
Mar.  2. 86 
Mar.  29.  54 
Apr.  25.22 
May  21.90 
June  17.  58 
July  14.26 
Aug.  9.94 
Sept.  5.62 
Oct.  2. 30 
Oct,  28.98 
Nov.  24.66 
Dec.  21.32 

Mean . 

n 

+  46 
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+  53 

—  98 
+  53 
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50 
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63 

—207 

68 
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+  22 
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+  51 
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72 

—221 

—248 

58 

+  60 
+168 

63 
+  70 
-304 

62 
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—202 

52 

+  80 
+118 

96 
+213 
+  90 

67 
+272 
+  99 

69 

+151 

+411 

I  . 

+545 

1882. 

Jan.  14.90 

—  51 

—  44 

-  71 

+  31 

+  56 

-158 

—195 

;  —  82 

—  59 

1  +  41 

—  78 
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+  85 
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+  67 

+  59 

—  59 

!+  45 

—  61 

+  99 

—  64 

1  +  81 

—213 

—178 

—125 

Mar.  9. 26 

i—188 

]—166 

—104 

+  55 

+  77 

—  74 

+  57 

—  89 

+  58 

+102 

+  85 

—139 

—108 

Apr.  4. 94 

4-  48 

4-  82 

+  46 

+  81 

+  92 

+  76 

+146 

-  184 

+  196 

+279 

+120 

■+  89 

+155 

May.  1.  62 

—  52 

—121 

-124 

+  76 

+  58 

+  60 

+  80 

+  66 

+155 

+178 

+  125 

+  71 

+  62 

May.  28.  30 

—  92 

—  80 

+  69 

+  80 

+  79 

—  73 

+  87 

-105 

+155 

+  150 

+118 

+141 

+  140 

June  23. 98 

-  79 

i — 165 

—314 

—160 

—182 

—124 

-124 

—  90 

—  51 

'.+  86 

+  72 

+141 

+  42 

July  20.  66 

4-  71 

4-181 

115 

+120 

+  144 

4  116 

—130 

—  85 

+  86 

+160 

-119 

—217 

—233 

Aug.  16.  34 

1+  74 

-  47 

+  59 

+  81 

+  76 

+  87 

-  71 

—  56 

+121 

+108 

+  63 

+  78 

—  82 

Sept.  12.  02 

1  +  73 

+  82 

+  71 

+  82 

+  72 

+  84 

+  81 

+  102 

+  70 

+  54 

+  67 

+  83 

+201 

Oct.  8. 70 

i— 100 

—  66 

—  34 

+  56 

+  54 

+  95 

+  80 

—  67 

+  103 

+  112 

+108 

+130 

+  169 

Nov.  4. 38 

4-186 

+234 

+195 

+163 

+  147 

+  105 

;  204 

+265 

—  86 

—356 

—135 

+  147 

+151 

Dec.  1, 06 

4-  98 

+  96 

+  151 

+  114 

+  77 

+  118 

+124 

+  141 

+  106 

116 

=-+120 

+  55 

i  +  80 

Dec.  27.74 

4-  64 

4-  59 

+  82 

+  81 

4-  82 

+  47 

+  41 

+  56 

+100 

96 

—  84 

—  66 

—  64 

Mean . 

90 

!  107 

103 

89 

90 

90 

106 

105 

101 

127 

108 

114 

121 

D . 

-213 

|—316 

+  70 

445 

+358 

+130 

—  68 

—  37 

+329 

+594 

—  51 

—  31 

I  +  76 

I . 

4-180 

+  164 

+450 

+474 

+415 

+274 

+387 

+571 

+561 

1 

1  +690 

+539 

+427 

1 

+397 

1 
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Table  20. —  Variations  of  the  horizontal  force  6,  for  1878  and  1882. 


[Unite  sixth  decimal,  C.  Gr.  S.] 


14 

15 

16 

17 

18 

19 

20 

21 

!  22 

1  23 

| _ 

24 

25 

26 

27 

M.P.T. 

+ 

139 

140 

+  51 

—197 

—  95 

60 

—  41 

—  30 

—  51 

—  37 

—  32 

—  64 

—  51 

+  48 

I 

+ 

51 

+ 

49 

+  54 

+  69 

+  28 

+ 

43 

—  97 

—  94 

—  76 

—118 

—  48 

—  29 

+  83 

I 

79 

77 

—103 

—  92 

+  80 

+ 

57 

+  47 

+  63 

+  53 

+  40 

—  41 

—  35 

+  88 

+  6o" 

I 

+ 

66 

_L 

54 

+  74 

+  85 

+  104 

+ 

56 

—  71 

—  86 

—  71 

—  29 

—  47 

—  42 

—  24 

—  43 

D 

+ 

55 

+ 

83 

+  71 

+  56 

+  93 

+ 

67 

—133 

—112 

—  99 

—  66 

—  78 

—  69 

—  49 

I 

162 

_ 

198 

—  98 

—  91 

+  47 

+ 

81 

+  87 

+  58 

+  46 

+  57 

+  83 

+100 

+  84 

+111 

I 

4- 

41 

-J- 

52 

+  39 

+  43 

+  49 

+ 

53 

116 

+  72 

+  50 

—  26 

—  52 

—  44 

—  31 

—  56 

I 

+ 

17 

+ 

28 

—  58 

—  41 

—  49 

+ 

37 

+  75 

+  73 

+  46 

—  32 

—  47 

—  79 

—113 

I 

+ 

43 

+ 

23 

+  48 

+  73 

+  50 

+ 

36 

—  44 

—  44 

+  57 

-  37 

—  58 

—  58 

+  51 

+  *50* 

D 

+ 

67 

40 

+  58 

+  60 

+  83 

99 

+  58 

+  39 

—  68 

+  22 

+  27 

—  73 

—  57 

—  39 

D 

31 

— 

11 

+  45 

—  92 

—  87 

— 

91 

—  74 

+  88 

+  81 

+  47 

+  24 

+  55 

+  53 

D 

_ 

95 

_ 

102 

—100 

+  89 

+  56 

+ 

85 

—  63 

—  69 

+  63 

+  40 

—  58  1 

+  60 

—  42 

+  ’4!)" 

I 

_ 

58 

+ 

29 

+  41 

+  32 

+  45 

+ 

86 

—  82 

—  42 

—  35 

+  40 

+  61 

—  45 

—  34 

—  58 

I 

+ 

68 

+ 

79 

+  96 

+101 

+  87 

+ 

97 

+  90 

+  43 

+  55 

+115 

+132 

+103 

+124 

+  55 

I 

70 

69 

67 

80 

68 

68 

77 

65 

61 

50 

56 

61 

63 

57 

64 

+  145 

+ 

106 

+225 

+126 

+  150 

— 

98 

—131 

—  3 

—  1 

+  3 

—  54 

—118 

+  23 

—  32 

— 

20 

83 

—  7 

—  31 

+341 

+ 

546 

—  1 

r  38 

—  74 

+  19 

—  80 

—102 

+  59 

+209 

+ 

77 

+ 

99 

+117 

+  81 

+  113 

+ 

122 

—163 

+  98 

+103 

+  83 

+  88 

—143 

—173 

—  92 

D 

+ 

71  I 

61 

+  ^8 

+  93 

+  76 

+ 

39 

+  59 

+106 

+  51 

+  47 

—  25 

—  32 

+  51 

+  25 

D 

+ 

120 

+ 

SO 

+  86 

+124 

+175 

+ 

87 

+  93 

+  158 

+  125 

+160 

+164 

+146 

1  +  172 

D 

1044 

— 

566 

—209 

—378 

—349 

— 

236 

—131 

—138 

+  64 

+  62 

+  82 

+  97 

+  104 

+  61 

I 

_ 

172 

— 

157 

—110 

+  71 

-  89 

53 

+  92 

+  61 

—  89 

—  63 

+  52 

+  69 

1+  78 

+  78 

I 

+ 

144 

+ 

173 

+  103 

+  63 

+143 

— 

172 

—145 

-154 

—  53 

—  80 

+125 

—148 

-101 

I 

+ 

86 

+ 

74 

+  63 

-137 

—  48 

— 

43 

+  67 

—  62 

—  58 

+101 

+  139 

—109 

+  92 

+  76 

I 

118 

56 

—  92 

—255 

—153 

— 

148 

-  95 

—  80 

—121 

—  50 

+  112 

+106 

+  73 

+  99 

I 

+ 

78 

+ 

74 

+113 

+160 

+  126 

+ 

85 

+  64 

—180 

+  49 

+  27 

+  24 

+  56 

+  56 

+  54 

D 

211 

— 

56 

—  72 

—  65 

—  84 

+ 

78 

+258 

+235 

—400 

-258 

—132 

—375 

—180 

D 

+ 

180 

+_ 

144 

+  47 

+  87 

—  98 

61 

+  69 

—  97 

—  85 

+  60 

+130 

+170 

+  244 

+  214' 

D 

248 

L135 

—274 

—964 

—650 

— 

282 

—141 

—  75 

—164 

—142 

—101 

—  90 

1+104 

+  134 

I 

+ 

94 

+ 

144 

—177 

—  76 

-  66 

— 

126 

-267 

-345 

—259 

—101 

—107 

—  50 

+  66 

I 

42 

+ 

49 

+  47 

;+  68 

+  58 

+ 

49 

+  52 

+  45 

—  62 

+  45 

+  55 

—  82 

—  61 

+  *89* 

D 

126 

120 

105 

127 

124 

111 

119 

124 

109 

91 

95 

111 

111 

92 

108 

+ 

273 

+ 

461 

+396 

+548 

+366 

+ 

399 

+424 

+365 

-  69 

+172 

+304 

-135 

1  +  106 

+290 

464 

— 

322 

—672 

—829 

—713 

1028 

—603 

I 

—698 

—671 

—273 

+302 

—125 

+419 

1 

+448 
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Next  it  was  sought  to  find  out  whether  there  is  a  similar  curve  in 
the  several  meteorological  elements,  and  the  data  derived  from  the 
pressure  and  temperature  was  compiled  on  precisely  the  same  plan  for 
a  series  of  years;  certain  rough  curves,  bearing  a  striking  resemblance 
to  the  type  curve,  emerged  as  the  result  of  almost  every  application  of 
the  ephemeris  to  the  data  of  meteorological  observations.  This  crude 
result  was  presented  in  a  paper  read  before  the  International  Meteoro¬ 
logical  Congress,  Chicago,  August,  1893.  Experience  with  this  curve 
in  its  application  to  individual  periods  of  the  ephemeris,  gradually 
strengthened  the  conviction  that  the  tendency  to  recur  was  continuous, 
and  not  confined  merely  to  the  mean  value  of  a  long  tabulation,  as 
might  perhaps  have  been  objected  was  the  case.  The  pursuit  of  these 
individual  repetitions  of  the  type  curve,  amid  all  the  loosely  constructed 
irregularities  constituting  the  recorded  meteorological  changes,  has 
been  a  most  laborious  and  tantalizing  task,  and  yet  one  absolutely 
necessary  to  perform,  if  a  definite  result  is  demanded.  It  is  necessary 
here  to  omit  a  large  block  of  material  in  the  form  of  curves  which  rep¬ 
resent  the  observations. 

One  fact  greatly  tends  to  obstruct  the  detection  of  the  normal  curve 
in  the  meteorological  field  of  middle  latitudes,  namely,  the  rapid  east¬ 
ward  drift  of  the  atmosphere,  and  the  confused  circulation  attending 
the  passage  of  the  anticyclones  and  the  cyclones  over  the  United 
States.  In  order  to  study  the  eastward  movement  carefully,  and  to 
discover  the  regions  responding  most  sensitively  to  this  impressed  mag¬ 
netic  impulse,  the  territory  of  the  United,  States  east  of  the  Bocky 
Mountain  crest  was  divided  into  groups,  as  described  in  the  paper, 
“  Inversion  of  temperatures  ”  (Amer.  Journ.  Sci.,  Dec.,  1894).  The  mean 
temperature  of  the  reporting  Weather  Bureau  stations,  at  the  8  a.  m. 
and  the  8  p.  m.  observations,  for  each  group,  was  plotted  on  a  scale  of 
1  cm.  per  day,  the  broken  line  joining  the  ordinates  representing  the 
actual  variation  of  the  mean  temperature  recorded  in  that  region.  Sim¬ 
ilarly  the  pressures  were  reduced  to  a  representative  line.  The  diurnal 
variations,  the  rapid  changes  attending  the  passage  of  “ highs”  and 
“lows,”  also  the  slower  changes  pertaining  to  seasonal  conditions,  are 
thus  graphically  displayed  in  a  form  suitable  for  critical  examination. 
Beginning  with  the  extreme  northwest — that  is,  the  western  Canadian 
stations  north  of  Montana — the  dates  of  the  magnetic  ephemeris  were 
superposed  upon  the  common  calendar  dates  and  a  line  was  drawn 
through  the  successive  groups,  sloped  forward  just  enough  to  display 
the  average  advance  of  weather  conditions  to  the  east  and  south  in 
that  district,  so  that  the  individual  crest  of  temperature  or  pressure 
continues  at  the  same  distance  from  this  initial  line.  Thus  the  periods 
of  the  ephemeris  may  be  applied  to  any  district  of  the  United  States, 
and  they  will  be  correct  to”  the  degree  in  which  the  conditions  propa¬ 
gated  eastward  represent  the  original  form  of  the  curve  in  the  north¬ 
west.  It  was  found  by  matching  the  normal  curve  with  these  graphic 
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lines  that  there  is  a  definite  recurrence  m  the  meteorological  changes. 
The  long  sweep  of  the  curve,  as  well  as  the  minor  crests,  greatly 
assisted  the  matching  of  the  curves.  It  was  perceived  that  the  suc¬ 
cession  of  changes  on  the  eastern  slope  of  the  mountains,  to  the  north 
of  Montana,  lying  under  the  auroral  belt,  was  approximately  of  the 
same  type  as  the  normal  curve,  in  spite  of  many  irregularities.  This 
is  also  true  of  the  Dakotas,  allowing  one  day  to  elapse  on  the  epliemeris. 
Such  comparison  of  the  conditions  of  the  weather  maps  with  the  type 
curve  has  been  practised  with  persistency  from  day  to  day  for  several 
years,  and  the  agreement  seems  to  continue  as  regularly  now  as  when 
this  work  began.  We  have  five  or  six  complete  rolls  of  these  tempera¬ 
ture  and  pressure  changes,  each  roll  covering  one  year. 

THE  PHENOMENON  OF  INVERSION  OF  THE  NORMAL  CURVE. 

Unfortunately  for  the  rapid  progress  of  the  investigation,  the  conclu¬ 
sion  gradually  shaped  itself  that  the  normal  curve  had  a  tendency  to 
invert  on  its  long  axis  during  certain  periods.  An  intercomparison  of 
the  periods  presented  such  evidence  that  it  was  not  possible  to  put  this 
idea  aside.  The  sequence  of  the  inversion  was  at  first  apparently  law¬ 
less,  so  that  no  cause  or  reason  for  it  could  be  readily  assigned.  The 
detection  of  the  law  of  inversion  has,  however,  served  to  place  the 
entire  subject  of  direct  solar  magnetic  action  in  a  new  aspect,  and 
greatly  adds  to  the  probability  of  the  truth  of  that  theory.  The  loose¬ 
ness  of  the  individual  curves  relatively  to  the  normal  form  is  evidently 
due  to  the  feeble  impressed  magnetic  force  operating  on  the  atmosphere; 
to  the  fact  that  the  convectional  circulation  overpowers  the  magnetic 
impulse  at  times;  and  to  the  wide  and  unsteady  deviation  of  the  solar 
output  itself  from  its  mean  normal  type.  If  a  perfect  match  between 
the  normal  and  the  observed  curves  is  demanded,  it  can  be  procured 
only  by  the  existence  of  perfect  conformity  on  the  part  of  the  sun  to 
the  normal  type  in  each  period,  and  also  on  the  condition  that  the  mag¬ 
netic  force  is  alone  responsible  for  the  observed  meteorological  impulses , 
which  of  course  is  not  the  case,  because  this  would  be  equivalent  to 
annihilating  the  effect  of  the  temperature  gradient  between  the  equator 
and  the  poles.  All  that  we  claim  exists  is,  an  impulse  derived  from 
the  magnetic  field,  which  tends  to  make  the  convectional  system  of 
atmospheric  currents  culminate  in  “ highs”  and  “lows,”  respectively,  on 
the  dates  of  the  excess  or  defect  of  the  solar  magnetic  force  by  means  of 
the  well-known  law  of  physics,  that  cooling  the  medium  containing  mag¬ 
netic  force  increases  its  strength,  and  its  converse,  that  an  increase  of 
magnetic  force  cools  the  medium.  The  cooling  of  the  air  in  a  stronger 
magnetic  field  tends  to  precipitate  “highs”  on  the  northwest  of  the 
American  continent,  in  conjunction  with  the  mean  trend  of  the  seasonal 
isobars.  The  relaxing  of  this  tendency  in  a  weaker  magnetic  field 
allows  the  “lows”  from  the  North  Pacific  to  work  in  upon  the  continent 
or  else  to  form  along  the  eastern  edge  of  the  mountain  divide,  as  has 
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been  shown  to  be  the  case  in  the  local  origination  of  two- thirds  of  the 
United  States  storms.  (Bulletin  No.  21,  Storms  and  Storm  Tracks.) 
This  view  calls  for  no  unusual  physical  conditions,  and  it  is  believed 
to  represent  simply  the  facts  observed  in  connection  with  the  formation 
of  the  current  American  weather. 

DISCOVERY  OF  THE  LAW.  OF  INVERSION. 

A  process  will  now  be  briefly  summarized  that  has  cost  much  time 
and  labor  in  the  eft’ort  to  discover  the  law  of  the  inversion  of  the 
normal-type  curve,  leaving  the  explanation  of  the  reason  of  the  same 
for  the  following  chapter.  In  the  Table  21  of  direct  and  inverse  types 
appear  four  systems,  marked  T,  M  T,  M  P  T,  and  M,  respectively.  M 
stands  for  European  magnetic  horizontal  component  <r,  P  for  barometric 
pressure  in  the  northwest  of  the  United  States,  T  for  temperature  in  the 
same  districts.  M  is  the  mean  value  of  5  stations,  P  of  10  stations, 
and  T  of  10  stations  usually,  the  latter  being  generally  the  Dakota  or 
Upper  Missouri  Valley  stations.  In  the  case  of  the  magnetic  system, 
preceding  1878  the  horizontal  force  alone  was  employed — that  is,  with¬ 
out  composition  with  the  declination.  Several  stations,  when  avail¬ 
able,  were  taken  simultaneously  and  in  widely  separated  latitudes,  as 
Toronto,  Greenwich,  St.  Helena,  Singapore,  Cape  of  Good  Hope,  and 
Hobarton.  The  values,  derived  directly  from  the  published  reports  of 
magnetic  observations  in  mean  groups,  or  singly  for  the  earlier  years, 
were  transferred  to  form  graphic  traces,  distributed  in  the  periods  of  the 
26.68-day  ephemeris.  For  an  example,  the  periods  beginning  August 
3.58, 1845,  and  November  18.30,  1845,  are  shown  on  charts  17, 18.  The 
curves  are  made  by  extracting  the  values  from  the  volumes  whose 
pages  are  indicated  just  beneath  the  names  of  the  stations,  and  are 
plotted  on  such  a  scale  as  will  reduce  them  to  the  same  amplitude,  the 
scale  being  placed  at  the  beginning  of  each  curve.  Underneath  the 
group  is  found  the  type  curve  from  chart  9.  Now,  two  facts  are  readily 
seen — that  all  these  curves  rise  and  fall  together,  and  that  therefore 
the  horizontal  force  increases  and  diminishes  simultaneously  over  the 
entire  earth,  which  really  proves  the  existence  of  an  external  magnetic 
field  in  composition  with  the  normal  terrestrial  field.  The  other  fact  is 
that  the  first  period  apparently  agrees  with  the  direct  type  and  the 
second  with  the  inverse  type  of  the  normal  periodic  curve. 

Chart  17.— Variation  of  the  horizontal  force.  Period  beginning  August  3.58,1845.  Illustrates  a 
direct  type  period. 

Chart  18. — Variation  of  the  horizontal  force.  Period  beginning  November  18.30, 1845.  Illustrates 
an  inverse  type  period. 
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Table  21. — Direct  and  inverse  types,  found  by  trials. 
T.  SYSTEM. 


Periods. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

12 

13 

14 

1878 . 

D 

i 

I 

I 

I 

D 

D 

I 

13 

D 

D 

I 

D 

D 

1879 . 

I 

i 

D 

I 

I 

I 

I) 

D 

13 

13 

D 

D 

D 

D 

1880 . 

D 

D 

D 

I 

I 

I 

I 

I 

I 

D 

D 

13 

I 

1881 . 

D 

D 

I 

I 

I 

I 

1) 

1) 

13 

1 

I 

I 

13 

I 

1882 . 

D 

I) 

13 

D 

13 

1 

I 

I 

I 

I 

I 

I 

I 

13 

188:$ . 

D 

I) 

D 

D 

13 

I 

1 

I 

I 

D 

I 

I 

I 

1884 . 

D 

D 

D 

D 

13 

I 

I 

I 

I 

13 

D 

D 

D 

I 

1885 . 

13 

D 

I) 

13 

D 

I 

I 

I 

I 

I 

I 

D 

D 

I 

1886 . 

I 

D 

I 

D 

D 

I 

D 

D 

13 

D 

D 

I 

I 

1887 . 

I 

I 

I) 

I 

I 

I 

13 

I 

I 

D 

D 

13 

13 

I 

1888 . 

I 

I 

I 

I 

I 

I 

I 

U 

D 

I) 

13 

D 

1) 

I 

1889 . 

I 

D 

I 

I 

13 

13 

13 

13 

D 

13 

I 

I 

I 

1890 . 

I 

I 

73 

1) 

I 

I 

I 

I 

13 

D 

1) 

I 

D 

I 

D . i 

7 
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8 
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6 
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6 

5 

7 

10 

8 

6 

8 

4 
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I 

D 

I 
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13 
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I 
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I 

D 

I 
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I 

I 

I 
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D 
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I 

I 

I 

I 

I 
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I 
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I 
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D 

D 

13 

I 

D 

D 
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I 

I 

I 

D 

I 

I 

I 

I 

I 

1) 

I 

I 

I 
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13 

13 

13 

D 

13 

I 

I 

I 

I 

I 

I 

I 

D 

I 

1885 . 

13 

D 

13 

D 

I 

I 

D 

D 

I 

D 

D 

I 

r 

I 

1886 . 

I 

D 

I 

D 

I 

I 

I 

I 

D 

1) 

D 

D 

i 

1887 . 

13 

I 

D 

I 

I 

D 

D 

I 

D 

I 

I) 

13 

i 

D 

1888 . 

D 

D 

I 

I 

I 

I 

D 

I 

I 

D 

D 

I) 

l 

I 

1889 . 

I 

I) 

I 

I 

I 

I 

13 

D 

13 

D 

D 

I 

i 

1890 . 

I 

I 

I 

I 

I 

13 

I 

1 

D 

13 

I 

I) 

i 

I 

D . 

6 

7 
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7 

4 

3 

7 

3 

8 

9 

7 

7 

1 

4 

6 
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I 
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I 

D 

I 
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I 
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D 

D 

13 

D 

D 

[ 

D 

1 

I 

I 

I 

I 

1882 . 
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D 

D 

I 

I 

I 

I 

I 

D 

D 

D 

I 

I 

D 
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13 

D 

1) 

I 

I 
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D 

D 
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I 
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D 

D 

13 

D 

D 

I 

I 

I 

I 
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I 
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I 
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D 

13 

D 

D 

I 

I 

I 

I 

1 

D 

D 

D 

I 

I 
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13 

D 

I 

D 

I 
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13 

D 

D 

13 

D 

I 

1887 . 

I 

I 

I 

I 

I 
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D 

I 

I 

I 

1) 

D 

D 

I 

1888 . 

D 

13 

I 

I 

I 

I 

D 

D 

I 

1) 

I) 

D 

D 

I 

1889 . 

I 

13 

D 

D 

I 

D 

D 

D 

D 

D 

I 

I 

I 

1890 . 

I 

D 

I 

I 

I 

I 

I 

I 

D 

13 

D 

I 

13 

I 

1891 . 

I 

I 

D 

I 

D 

I 

I 

D 

I 

I 

I 

I 

I 

D 

1892 . 

I 

13 

13 

D 

I 

I 

1 

D 

D 

1 

I 

I 

I 

I 

1893 . 

D 

13 

1) 

I 

I 

D 

D 

13 

I 

I 

I 

D 

D 

D . 

8 

12 

10 

8 

4 

4 

7 

8 

9 

10 

8 

1  0 

5 

4 
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Table  21. — Direct  and  inverse  types,  found  by  trials — Continued. 
M.  SYSTEM. 


Periods. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

1841 . 

I 

D 

D 

D 

D 

I 

I  1 

D 

D 

D 

D 

B 

I 

1842 . 

I 

D 

D 

I) 

I 

I 

I 

B 

n 

D 

I 

I 

I 

I 

1843 . 

1 

I 

D 

D 

I 

I 

I 

D 

i) 

D 

D 

B 

I 

I 

1844 . 

1 

I 

I 

D 

D 

I 

I 

B 

i 

D 

D 

I 

I 

1845 . 

I) 

D 

D 

B 

I 

I 

I 

I 

D 

D 

D 

I 

I 

I 

1846 . 

1 

1 

B 

I) 

D 

D 

I 

I 

D 

D 

I) 

I) 

I 

I 

1847 . 

I 

I) 

i) 

D 

1 

I 

I 

I 

D 

D 

D 

I 

I 

1848 . 

I 

I 

1) 

I 

I) 

I 

I 

I) 

D 

D 

1849 . 

I 

I 

D 

!  D 

I) 

D 

I 

I 

I 

I 

1850 . 

I 

B 

D 

I 

I 

1 

I 

B 

1) 

D 

D 

I 

I 

I 

1851 . 

I 

B 

D 

D 

D 

I 

I 

I 

D 

D 

D 

I 

I 

1852 . 

I 

I 

I) 

B 

I 

I 

I 

I 

D 

D 

B 

I 

I 

I 

1853 . 

D 

D 

1) 

D 

I 

D 

I 

D 

B 

D 

B 

I 

1 

I 

1854 . 

D 

D 

D 

T) 

1 

I 

D 

I 

D 

I 

I 

I 

I 

1855 . 

D 

D 

D 

D 

I 

I 

I 

D 

D 

D 

I 

I 

I 

I 

1856 . 

I 

I 

D 

B 

I 

I 

D 

D 

B 

D 

D 

I 

I 

B 

1857 . 

I 

I 

D 

D 

D 

I 

I 

I 

B 

B 

D 

B 

I 

1858 . 

I 

I 

1 

D 

I 

I 

I 

I 

D 

I 

D 

B 

I 

B 

1859 . 

I 

I 

I 

D 

D 

I 

I 

D 

I) 

D 

I 

I 

I 

I 

1860 . 

I 

D 

D 

D 

I 

I 

D 

B 

D 

I 

B 

I 

I 

1861 . 

B 

D 

D 

D 

D 

I 

I 

I) 

D 

D 

I 

I 

B 

B 

1862 . 

I 

D 

D 

B 

I 

I 

I 

D 

I) 

D 

B 

I 

I 

I 

1863 . 

I 

I 

I 

D 

D 

D 

I 

I 

D 

D 

I 

I 

B 

I 

1864 . 

I 

I 

D 

D 

I 

I 

I 

D 

I) 

D 

B 

I 

I 

1865 . 

I 

I 

D 

D 

D 

I 

I 

I 

D 

B 

B 

I 

I 

I 

1866 . 

I 

I 

D 

D 

I 

I 

I 

I 

D 

I) 

I 

I 

I 

I 

1867 . 

I 

D 

D 

D 

I 

I 

I 

I 

D 

D 

B 

B 

I 

1868 . 

I 

I 

D 

D 

o 

I 

I 

I 

I 

D 

B 

B 

I 

I 

1869 . 

D 

D 

D 

D 

I 

I 

D 

D 

D 

D 

I 

I 

I 

B 

1870 . 

1 

I 

I 

D 

n 

I 

I 

D 

I 

D 

I 

B 

I 

1871 . 

I 

I 

D 

D 

i 

I 

I 

D 

L> 

B 

B 

I 

r 

I 

1872 . 

D 

D 

B 

I) 

D 

I 

I 

D 

D 

I 

B 

I 

i 

I 

1873 . 

I) 

D 

B 

I 

I 

I 

D 

D 

D 

D 

I 

I 

i 

1874 . 

1 

D 

D 

I 

I 

I 

B 

D 

D 

I 

I 

B 

i 

I 

1875 . 

D 

1) 

I 

I) 

I 

I 

I 

I) 

I 

D 

B 

I 

i 

I 

1876 . 

I 

D 

D 

D 

I 

I 

I 

D 

D 

I 

I 

B 

B 

I 

1877 . 

I 

D 

D 

D 

I 

I 

I 

D 

D 

D 

I 

I 

B 

1878 . 

I 

I 

I 

D 

I 

I 

I 

I 

I) 

D 

B 

I 

I 

I 

1879 . 

I 

I 

D 

D 

I 

I 

D 

D 

D 

D 

B 

I 

I 

B 

1880 . 

D 

D 

I 

I 

D 

I 

I 

I 

1 

D 

1 

B 

I 

1881 . 

I 

D 

D 

D 

D 

D 

D 

I 

D 

I 

I 

I 

I 

I 

1882 . 

D 

D 

D 

I 

I 

I 

I 

I 

D 

I) 

B 

I 

I 

B 

1883 . 

D 

D 

D 

I 

I 

I 

D 

B 

D 

D 

I 

I 

I 

1884 . 

X) 

B 

D 

D 

D 

I 

I 

I 

I 

I 

I 

I 

B 

I 

1885 . 

D 

D 

D 

D 

I 

I 

I 

I 

I 

D 

B 

B 

1 

I 

1886 . 

D 

D 

I 

D 

I 

I 

I 

D 

I) 

D 

B 

B 

I 

1887 . 

I 

I 

I 

I 

I 

D 

D 

I 

I 

I 

B 

B 

B 

I 

1888 . 

D 

D 

I 

I 

I 

I 

D 

D 

I 

D 

B 

B 

B 

I 

1889 . 

I 

D 

D 

D 

I 

D 

I) 

D 

I) 

I) 

I 

I 

I 

1890 . 

I 

D 

I 

I 

I 

I 

I 

I 

D 

D 

B 

I 

B 

I 

1891 . 

I 

I 

D 

I 

D 

I 

I 

D 

I 

I 

I 

I 

I 

B 

1892 . 

I 

D 

D 

I) 

I 

I 

I 

D 

D 

I 

I 

I 

I 

I 

1893 . 

D 

D 

D 

I 

I 

D 

D 

D 

I 

I 

I 

B 

B 

1894 . 

I 

I 

D 

D 

D 

I 

I 

D 

D 

I 

I 

I 

B 

B 

I) . 

17 

32 

42 

41 

18 

7 

13 

33 

43 

41 

30 

16 

10 

12 

25 . 

—  8 

! 

+7  +i7  +16 

—7 

—18 

—12 

+8+18+16+5 

-9  - 

-15 

—13 

GENERAL  LAW. 


I 

D  D  D 

111 

1 

D  D  D  D 

Ill) 

I 

Max. 

Min. 

Max. 

Min. 

In  an  entirely  similar  manner  the  comparison  has  been  made  through¬ 
out  this  portion  of  the  work,  whose  result  is  tabulated  under  the  sev¬ 
eral  systems  now  being  described.  Likewise,  for  the  years  1878-1890, 
inclusive,  the  temperature  curves  were  constructed  for  the  Dakotas 
giving  the  T  system ;  for  1878-1890  these  same  temperature  curves, 
together  with  the  European  magnetic  curve,  were  plotted  in  juxtapo¬ 
sition  and  taken  as  a  pair  in  each  period,  producing  the  M  T  system; 
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for  1878-1893  the  European  magnetic  curve,  and  the  pressures  and 
temperatures  of  the  northwest,  were  also  plotted  in  groups  of  three 
for  each  period,  placed  directly  together  so  that  the  data  of  the  same 
date  fell  on  one  vertical  line,  counting  the  Dakota  data  as  one  day 
elapsed,  and  they  gave  the  system  M.  P.  T. ;  finally,  for  1841-1877,  the 
magnetic  curves  from  several  parts  of  the  world  were  collected  in 
periods,  the  stations  being  placed  to  show  synchronous  action  (Charts 
17  and  18) ;  for  1878-1894  the  M.  P.  T.  system  was  repeated  in  the  M. 
table.  It  may  be  remarked  in  passing  that  these  mean  daily  values  of 
magnetic  force  indicate  no  eastward  drift  in  longitude,  such  as  B.  Stew¬ 
art  supposed  to  exist  in  u magnetic  weather,”  because  these  values  are 
means  for  twenty-four  hours.  Such  a  superposition  of  material,  gath¬ 
ered  from  all  portions  of  the  earth,  if  it  should  display  any  sympa¬ 
thetic  and  harmonious  variations,  indicates  evidently  some  cosmical 
origin,  and  excludes  as  the  primary  causes  any  form  of  merely  local 
changes.  Having  such  general  simultaneous  disturbances,  if  any  one 
attributes  them  to  electrical  or  meteorological  currents,  then  these 
must  be  shown  to  have  a  source  capable  of  sustaining  the  observed 
effects.  Variation  of  strength  of  an  external  magnetic  field,  in  which 
the  earth  is  immersed,  will  produce  general  disturbances  of  the  entire 
terrestrial  magnetic  system,  but  that  such  states  of  the  atmosphere  as 
are  known  to  meteorologists  should  by  a  counter  process  affect  at  once 
the  entire  system  of  atmospheric  circulation  in  both  hemispheres  is  not 
at  all  probable.  It  must  be  remembered  that  we  are  now  dealing  exclu¬ 
sively  with  mean  values  of  twenty-four  hours,  and  that  diurnal  changes 
are  outside  of  our  consideration.  Hence  if  the  electro-magnetic  field 
does  not  change  in  intensity  from  day  to  day,  appreciable  variations 
in  solar  insolation  having  never  been  observed,  or  if  the  meteoro¬ 
logical  system  taken  as  a  whole  is  not  self-active,  that  is,  is  not  a 
primary  source  of  energy,  the  only  alternative  in  the  argument  is  the 
variability  of  the  polar  magnetic  field  of  the  sun.  We  have  shown 
that  this  is  variable  not  only  from  meridian  to  meridian  on  the  sun, 
but  also  that  aperiodic  impulses  traverse  the  cosmical  magnetic  field  in 
small  and  large  disturbances,  and  it  may  be  with  minute  wave-like  pul- 
ations  superposed  upon  the  normal  field  of  force.  Ebert  sums  up  the 
well-known  facts  derived  from  the  terrestrial  observations  as  follows 
(Mag.  Kraft.,  p.  52) : 

The  movement  of  the  lines  has  furthermore  a  yearly  period,  which  expresses 
itself  in  this  way,  that  the  declination  needle  in  both  hemispheres  points  more 
easterly  by  some  fractions  of  a  minute  of  arc  when  the  sun  is  north  of  the  equator, 
that  is,  in  our  summer,  and  again  more  westerly  when  the  sun  is  in  the  southern  hem¬ 
isphere  during  our  winter.  Likewise  the  inclination  needle  in  both  hemispheres 
shows  an  increase  in  the  inclination  in  the  season  December,  January,  and  a  decrease 
of  the  same  during  July,  August.  In  our  winter,  October  to  March,  the  intensity  is 
greater  in  all  parts  of  the  earth  than  in  the  remainder  of  the  year. 

These  changes  are  easily  explained  by  the  fact  that  in  the  approach  of 
the  earth  to  the  sun  in  our  winter  it  must  pass  into  stronger  parts  of  the 
magnetic  field  of  the  sun,  and  thus  cause  an  increase  of  intensity  of  the 
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earth’s  force  and  an  increase  of  inclination  simultaneously  all  over 
the  earth,  on  the  principles  already  described. 

There  is  one  important  argument  to  guard  against.  It  may  be  said 
that  the  meteorological  temperature  changes  precede  and  affect  propor¬ 
tionally  the  observed  strength  of  the  magnetic  field  ;  but  it  will  be  con¬ 
ceded  that  the  direct  comparison  of  European  magnetic  data  with  the 
American  meteorological  system  excludes  this  supposition,  especially 
in  view  of  the  fact  that  no  series  of  magnetic  observations  has  ever  been 
made  in  the  northwest  of  the  United  States.  Furthermore,  magnetic 
observations  are  always  conducted  in  rooms  from  which  even  the  local 
temperature  variations  are  practically  excluded.  On  the  other  hand, 
this  research  has  been  greatly  impeded  by  the  total  lack  of  a  suitable 
series  of  magnetic  observations  in  the  Bocky  Mountain  districts;  that 
is,  one  comprising  several  stations  maintained  continuously  for  a  number 
of  years.  Toronto  has  a  splendid  series  of  observations,  covering  many 
years,  which  ought  to  be  published ;  Washington  has  published  a  short 
series  of  three  years;  Los  Angeles  a  ten-year  series,  but  not  for  the 
same  interval  as  Washington;  San  Antonio  is  not  yet  published.  The 
Weather  Bureau  has  enjoyed  complete  access  to  all  these  records,  but 
they  are  not  sufficient  for  the  proper  study  of  the  problem  now  before 
us,  chiefly  because  the  observations  are  not  simultaneous.  An  earnest 
hope  is  expressed  that  the  United  States  may  soon  begin  to  make  sys¬ 
tematic  observations,  of  equal  value  with  those  now  going  on  under 
the  European  Governments.  The  available  ground  of  comparison 
between  the  European  magnetic  and  the  American  meteorological  sys¬ 
tems  lies  in  the  fact  that  the  magnetic  variations  in  Europe  are  propor¬ 
tional  to  the  external  field  just  outside  the  earth,  which  is  impressed  at 
the  same  time  upon  both  hemispheres.  The  local  peculiarities  of  any 
region,  as  the  extreme  northwest  of  the  United  States,  can  not,  how¬ 
ever,  be  carefully  studied.  This  has  constituted  a  barrier  against  the 
prosecution  of  this  work  to  its  completion,  especially  in  its  application 
to  the  problem  of  forecasting. 

There  are  other  remarks  required  concerning  the  comparison  of  the 
type  curve  with  the  individual  periods  to  determine  whether  a  given 
period  is  direct,  I),  or  inverted,  I.  These  two  differ  only  in  turning 
the  same  curve  over  on  the  long  axis,  the  types  being  those  given  in 
Chapter  I,  Chart  9.  (1)  The  distortions  of  successive  periods  are  very 
great  as  compared  with  one  another,  arising  from  several  interacting 
systems  of  forces.  We  are  attempting  to  detect  a  delicate  action,  well- 
nigh  buried  among  the  other  operations  within  the  atmosphere.  The 
work  has  been  unusually  difficult  in  many  ways,  especially  in  conse¬ 
quence  of  the  fact  that  the  periods  can  not  always  decisively  be 
assigned  to  either  type.  (2)  It  was  soon  perceived  that  these  irregu¬ 
larities  are  so  great  as  to  render  it  necessary  to  employ  a  large  mass  of 
material  in  order  to  extract  a  general  law,  and  for  this  purpose  fifty 
years  of  magnetic  data  are  included.  (3)  It  might  be  supposed  that 
the  grand  sweep  of  the  curve  could  be  best  depended  upon  to  detect 
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the  type,  but  on  the  whole  it  has  been  found  that  the  sequence  of  the 
minor  crests  is  more  reliable,  though  both  features  are  always  consid¬ 
ered  together  in  an  assignment  of  type.  (4)  This  comparison  of  curves 
should  always  be  done  so  as  not  to  carry  any  preconceived  impression 
of  the  probable  type  along  from  period  to  period,  and  therefore  skip¬ 
ping  about  at  random  among  the  periods  was  the  usual  course  followed. 
(5)  An  intercomparison  of  the  four  derived  systems  of  types  shows 
that  about  70  per  cent  of  the  periods  had  a  similar  assignment,  indi¬ 
cating  that  there  is  a  decided  probability  in  favor  of  a  real  inversion  of 
the  type  curve.  The  systems  herewith  presented  are  merely  the  scaf¬ 
folding  of  our  investigation,  and  will  be  finally  replaced  by  the  gen¬ 
eral  law  of  reversal  which  has  emerged  into  view.  It  may  be  stated 
that  I  did  not  suspect  what  the  law  of  the  direct  and  inverse  types 
was  till  I  had  finished  the  trial  systems,  and  then  discerned  that  the 
same  law  was  to  be  found  in  each  of  them. 

Referring  to  the  D  I  Table  21,  it  is  pointed  out  that  each  year  was 
divided  into  the  thirteen  or  fourteen  periods  given  by  the  ephemeris; 
that  a  D  or  an  I  is  inserted  to  indicate  the  probable  conformity  of  the 
type  curve  to  the  curve  derived  from  the  observations  in  the  direct  or 
the  inverse  position  during  each  period.  Of  course  a  transition  may 
have  occurred  from  one  type  to  the  other  during  a  period,  but  the  type 
covering  the  majority  of  days  is  entered.  By  using  the  four  different 
systems  of  curves,  extending  over  many  years,  an  opportunity  was  pre¬ 
sented  for  deriving  contradictory  results  if  the  apparent  conformity 
was  really  accidental ;  but  the  four  results  obtained  having  the  same 
general  conclusion,  must  be  accepted  as  evidence  that  the  observations 
lead  to  a  single  simple  fundamental  law.  By  carrying  the  work  back 
over  fifty  years  the  ephemeris  is  sharply  checked,  because  a  small  error 
in  the  period  would  throw  the  crests  athwart  the  hollows  of  such  a  rap¬ 
idly  fluctuating  curve  within  a  few  years ;  yet  no  sliding,  even  to  the 
amount  of  one-tenth  of  a  day,  is  believed  to  exist  as  far  back  as  1841. 
Every  ten  years  of  the  system  will  give  substantially  the  same  law  of 
relative  frequency,  which  is  a  maximum  of  the  D  type  during  the  2,  3, 
4  and  the  8,  9,  10,  11  periods,  and  a  maximum  of  the  I  type  in  the 
5,  6,  7  and  the  12,  13,  14,  1  periods.  Near  the  middle  of  these  groups 
the  prevailing  type  is  more  firmly  brought  out  than  at  the  transition 
periods,  where  the  neutral  positions  are  occupied  and  a  general  uncer¬ 
tainty  in  the  type  to  be  assigned  is  likely  to  occur. 

In  Chart  19,  with  heading  “  Semiannual  period  of  the  direct  type,” 
the  relations  of  the  planes  of  the  ecliptic,  the  sun’s  equator,  the  earth’s 
equator,  as  projected  in  June  on  a  plane  perpendicular  to  the  radius 
from  the  earth  to  the  sun,  is  shown ;  also  a  curve  of  the  relative  fre¬ 
quency  of  the  direct  type.  The  frequency  of  the  inverse  type  is  found 
by  turning  this  curve  over  on  the  long  axis.  The  dates  at  the  top  of 
the  diagram  are  the  mean  dates  of  the  beginning  of  the  ephemeris  for 
the  same  period  during  the  years  1841-1894,  and  therefore  identify 
average  points  of  occurrence  on  the  D  curve.  The  dates  of  transition 
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are  such  that  the  D  type  tends  to  prevail  from  about  February  1  to 
April  20  and  July  15  to  October  15,  while  the  inverse  type  holds  for  the 
intervals  April  20  to  July  15  and  October  15  to  February  1.  The  tend¬ 
ency  to  form  these  types  vigorously  increases  according  to  the  relative 
height  of  the  ordinates,  and  passes  through  places  of  indifference  when 
the  curve  crosses  the  ecliptic.  There  is  a  force,  therefore,  striving  to 
order  the  succession  of  maxima  and  minima,  as  found  in  the  normal 
solar  magnetic  curve,  in  this  proportion.  At  certain  seasons  of  'the 
year  this  succession  is  completely  inverted  relatively  to  other  seasons. 
Since  this  normal  curve  is  shown  to  be  common  to  the  magnetic  and 
meteorological  phenomena,  it  follows  that  such  a  force  can  properly 
have  its  seat  only  in  a  body  outside  the  earth. 


In  order  to  see  what  relation  this  curve  has  to  the  astronomical  tri¬ 
angle  formed  by  the  poles  of  the  ecliptic  K,  sun’s  equator  S,  and  earth’s 
equator  E,  all  four  curves  are  projected  on  the  plane  of  the  ecliptic, 
with  axis  of  the  ecliptic  passing  through  the  center  of  the  sun.  Chart 
20.  It  is  perceived  that  the  line  of  nodes  perpendicular  to  K.  S.,  is  also 
the  axis  of  the  curve  of  the  inverse  type,  and  that  K.  S.  is  itself  the 
axis  of  the  curve  of  the  direct  type,  the  latter  being  omitted  from  the 
diagram.  We  conclude  that  such  an  outcome  is  not  accidental,  but 
has  a  cause  in  its  relation  to  the  axis  of  the  sun,  as  defining  the  source 
producing  the  normal  curve  itself,  and  the  phenomenon  of  inversion  of 
the  types.  It  would  lead  us  too  far  from  the  immediate  purpose  of  this 
chapter  to  give  the  solution  of  that  point  now,  and  it  will  therefore  be 
reserved  for  another  page.  The  analysis  of  a  magnetic  field,  it  may  be 
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said  in  passing,  emanating  from  a  magnet  placed  with  its  axis  on  the 
average  coincident  with  the  axis  of  rotation  of  the  sun,  if  its  field  by 
direct  static  action  extends  beyond  the  earth,  should  produce  upon  the 
earth’s  field  exactly  the  phenomena  described  above.  If  this  is  so,  then 


the  theory  of  direct  action  of  the  sun  as  a  magnet  on  the  earth  as  a 
magnet  will  need  no  further  defense.  Whatever  truth  the  theory  of 
electric  currents  in  the  upper  air  may  possess,  whatever  the  final  solu¬ 
tion  of  the  problem  of  radiation  may  be,  the  theory  of  direct  action 
will  merit  respectful  consideration  among  the  premises. 
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SYNCHRONISM  OF  THE  MAGNETIC  AND  THE  METEOROLOGICAL 
ELEMENTS  IN  THE  26.68  DAY  PERIOD. 

We  will  now  return  to  the  immediate  subject  of  finding  the  normal 
curve  of  solar  action  and  of  discussing  synchronous  variations  of  the 
magnetic  and  meteorological  systems  with  which  we  began  this  chap¬ 
ter.  The  subdivision  of  the  periods  into  two  groups  is  now  simply  per¬ 
formed.  As  an  example,  part  of  the  tabulations  of  the  MPT  system 
are  reproduced  (Table  22,  23).  All  the  D  periods  and  all  the  I  periods 
in  1S78  and  1882,  respectively,  are  added  together,  and  the  algebraic 
sums  placed  at  the  bottom  of  the  tables.  It  may  be  remarked  that  this 
is  numerically  a  wasteful  process,  so  far  as  obtaining  large  surviving 
residuals  is  concerned,  because  of  the  very  loose  formations  of  indi¬ 
vidual  periods  relatively  to  any  normal  type.  There  seems  to  be  no 
way  to  separate  immediately  the  normal  curve,  and  it  can  in  a  prelimi¬ 
nary  investigation  be  obtained  only  by  survival  in  a  long  series  of 
observations.  Tables  20,  22,  23  are  constructed  in  precisely  the  same 
way  for  the  European  magnetic  force,  the  northwest  pressures  and 
temperatures.  On  Tables  24,  25,  26  the  annual  results  are  collected 
together  for  the  years  1878-1893,  keeping  the  D  and  I  groups  by  them¬ 
selves.  The  sums  are  then  taken  for  the  given  interval.  In  case  no 
periodic  impulse  is  embedded  in  the  observations,  if  the  period  is  not 
correct,  if  inversion  of  type  is  not  a  fact,  then  in  so  long  a  series  of 
variations,  if  they  are  purely  accidental,  the  algebra  sums  should  be 
about  zero.  But  by  comparing  the  final  D  and  I  sums  it  is  seen  that 
they  tend  to  accumulate  in  large  plus  values  on  certain  days  of  the 
period,  and  in  large  minus  values  on  others;  also  that  this  tendency  is 
opposite  on  the  same  days  in  the  D  and  I  groups.  This  is  true  of  each 
of  the  three  elements  compared.  The  rapid  succession  of  maxima  and 
minima  points  on  the  resulting  curve  constitutes  the  chief  difficulty  in 
detecting  it  in  every  individual  period,  especially  considering  the  rela¬ 
tively  feeble  action  of  the  sun’s  magnetic  field  upon  the  convectional 
movements  of  the  atmosphere. 
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Table  22. —  Variations  of  the  northwest  pressures  for  1878  and  1882. 


[Units  second  decimal,  inches.] 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

1878. 

Jan.  8. 50 

—  34 

+  4 

—32 

—  .6 

+23 

+13 

+  8 

—  7 

—15 

—12 

—  8 

—  5 

+  6 

Feb. 

4.18 

—  43 

—39 

—15 

-  7 

'+  7 

+  19 

—  9 

—13 

—  4 

—16 

+  3 

0 

+  17 

Mar. 

2.  86 

+  12 

—  1 

—35 

—23 

—13 

—53 

—41 

—33 

—33 

—  1 

—  3 

+20 

—  1 

Mar. 

29.54 

+  14 

+  35 

+  44 

+  27 

+29 

+  14 

+12 

+  8 

—  4 

—39 

-51 

—  7 

-30 

Apr. 

25.  22 

+  4 

+  8 

+  5 

—13 

—16 

—12 

—34 

—  8 

—  6 

—24 

—42 

—12 

+  2 

May 

21.90 

—  9 

—39 

—11 

+  1 

+  2 

+  5 

+  9 

+  4 

+  5 

1  -  2 

—  2 

—16 

+  2 

June 

17.58 

—  10 

-  7 

+  5 

+  9 

+  1 

+  11 

—  2 

_  2 

+  8 

+  1 

—10 

—23 

—  3 

July 

14.  26 

—  21 

—11 

—  3 

—10 

+  6 

+  15 

+26 

+22 

+  14  j 

+  3 

—17 

—  6 

+  13 

Aug. 

9.94 

+  6 

+  15 

+  1 

—  8 

-15 

+12 

+  15 

—  9 

—  5 

!  +  1 

—12 

—13 

—18 

Sept. 

5.  62 

-j-  5 

+  8 

—11 

+  7 

+33 

+47 

+25 

+  3 

+  2 

+  2 

+  5 

+  2 

-  2 

Oct. 

2.30 

+  19 

+23 

+23 

—16 

—15 

+  14 

—39 

+  8 

—12 

—27 

—26 

—37 

Cct. 

28.  98 

—  20 

+  17 

+29 

—23 

+34 

+25 

+25 

—19 

—10 

+35 

+38 

+  1 

—19 

Nov. 

24.  66 

+  17 

—18 

—17 

—20 

+  10 

+20 

—  2 

—24 

—43 

—  7 

+  1 

+11 

—  8 

Dec. 

21.34 

-  8 

+41 

+13 

—  6 

+  7 

—  3 

—16 

—12 

—  8 

+  12 

+33 

+47 

Mean 

16 

16 

19 

13 

13 

19 

16 

15 

12 

12 

16 

13 

15 

D .. 
I... 

+  44 
—111 

+76 

—94 

+57 

—33 

+10 

—79 

+  39 
.+48 

+58 

+50 

+66 

—23 

—37 

—96 

+  1 
—96 

—48 

—31 

—85 

—28 

—44 

+  3 

—87 

+56 

1 BBZ. 

Jan.  14.90 

—  21 

+  31 

+13 

—  L 

—  6 

-20 

+  12 

.  +44 

+28 

—  9 

—44 

—15 

—  5 

Feb. 

10.  58 

—  21 

-32 

+  9 

0 

—11 

+  2 

+37 

—  9 

+30 

—  1 

—  1 

+22 

+20 

Mar. 

9.  26 

+  36 

+  <> 

0 

+  8 

—21 

+  15 

+  6 

—41 

-  8 

—  3 

—22 

+16 

+32 

Apr. 

4.  94 

—  13 

—24 

—20 

—27 

—14 

+  8 

—  1 

+20 

+30 

+33 

.+14 

0 

—  7 

May 

1.62 

—  16 

-10 

—19 

—16 

—  1 

—16 

—44 

—35 

—19 

+  2 

11+17 

+  19 

15 

May 

28.  30 

—  1 

—  7 

+  9 

—  4 

—11 

+  15 

+21 

+31 

+22 

—  5 

—  8 

-17 

—  9 

June  23.  98 

—  12 

+  1 

+  8 

—  1 

—  5 

—19 

—16 

+  1 

+  5 

+  4 

+20 

+  1 

—14 

July 

20.  66 

+  20 

+12 

+  4 

—  7 

—17 

—  1 

—  1 

—  3 

0 

—  3 

—  8 

0 

+  4 

Aug. 

16.  34 

+  3 

—  7 

+  4 

—  4 

—  9 

—  3 

—  9 

—10 

—18 

—15 

—19 

—19 

+15 

Sept. 

12.  02 

—  11 

+  3 

—  6 

-  21 

—21 

—20 

+  9 

+'+28 

+21 

+21 

+  16 

+  3 

+  5 

Oct. 

8.  70 

+  2 

+14 

—40 

—47 

—15 

—26 

—32 

—  3 

0 

+29 

+  15 

+  17 

—  2 

Nov. 

4.  38 

—  16 

—12 

—11 

+  11 

—7 

-39 

—21 

+  6 

+  5 

+  6 

— 16 

+  11 

$H-27 

Dec. 

1.06 

if.  43 

—  3 

—11 

—  3 

+  16 

+51 

+  8 

—32 

—  2 

—21 

— 21 

—11 

-1  13 

Dec. 

27.  74 

+  18 

+  1 

+  22 

+30 

+  17 

— ;4  j 

+  14 

—  3 

+  3-1 

—29 

—  8 

+27 

-29 

Mean 

17 

12 

13 

13 

12 

17 

17 

19 

14 

13 

16 

13 

14 

D  . . 
I... 

+  6 
+  5 

+19 

—43 

+  2 
—40 

—37 

—47 

— 66 
—39 

—58 

0 

+37 

—54 

+  6 
—12 

+56 

+41 

—  7 
+16 

—63 
_ 2 

+51 
+  3 

+36 

+29 

Table  23. — Variations  of  the  northivest  temperatures  for  1878  and  1882. 
[Units  of  Fahrenheit  degrees.] 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

1878. 

Jan.  8.50 

—  1 

+  5 

—  1 

+  3 

—  1 

—  6 

—  6 

_  2 

0 

+  1 

+  4 

+  3 

+  2 

Feb.  4. 18 

+  5 

+  8 

+  7 

+  3 

—  4 

—  9 

—  8 

4-  2 

—  5 

—  2 

—  1 

—  3 

—  6 

Mar.  2. 86 

—  2 

+  3 

+  4 

+  5 

+  3 

+  8 

+  5 

+  2 

+  2 

—  4 

—  2 

—  3 

+  3 

Mar.  29.  54 

—  5 

—  4 

—  3 

+  1 

0 

+  2 

+  2 

—  1 

+  4 

+  4 

+  1 

—  5 

—  6 

Apr.  25.22 

+  3 

+  4 

+  8 

+  10 

+  8 

+  4 

+  5 

—  2 

—  8 

0 

+  5 

+  7 

+  3 

May  21.90 

—  1 

+  1 

+  3 

+  2 

0 

-  3 

—  1 

—  1 

—  4 

—  2 

+  2 

+  2 

0 

June  17. 58 

+  3 

+  4 

+  1 

+  1 

+  1 

+  4 

+  3 

+  4 

—  5 

—  1 

+  .6 

+  5 

—  3 

J uly  14.  26 

+  7 

+10 

+  3 

+  3 

+  5 

4-  4 

0 

—  1 

—  2 

—  2 

0 

0 

—  5 

Aug.  9.94 

—  4 

—  2 

—  2 

—  1 

—  2 

—  4 

-  7 

—  6 

—  2 

0 

+  1 

+  2 

+  6 

Sept.  5.62 

+  2 

+  1 

+  6 

0 

—  6 

—12 

—12 

—  7 

0 

+  3 

0 

—  1 

+  2 

Oct.  2. 30 

+  3 

0 

+  1 

+  1 

+  4 

—  1 

—  5 

—  1 

.  +  2 

+  5 

+  3 

+12 

+  5 

Oct.  28.98 

—  8 

—  6 

—12 

—  3 

+  1 

—  5 

—  1 

+  2 

+  8 

0 

—  4 

—  1 

+  5 

Nov.  24.  66 

—  4 

!  —  9 

+  2 

+  1 

+  1 

0 

+  1 

+  5 

_  +12 

+10 

+  7 

+  2 

—  2 

Dec.  21.32 

—  7 

!  —  7 

—13 

—10 

—  1 

—  2 

—  3 

—  1 

—  1 

0 

—  3 

—20 

—24 

Mean . 

4 

5 

5 

3 

3 

5 

4 

3 

4 

2 

3 

5 

5 

D . 

—  4 

—  5 

+  2 

+  1 

—  4 

—15 

—22 

—15 

+  4 

+  10 

+  5 

+  9 

+  7 

I . 

1882. 

Jan.  14.90 

—  5 

1  +13 

+  2 

+15 

+13 

—  5 

—  5 

+  8 

—  3 

0 

+  14 

—  8 

—27 

—  7 

—17 

+  3 

—  6 

0 

+  5 

—12 

—21 

—20 

+  3 

+  3 

—14 

—16 

Feb.  10.58 

+  13 

+  7 

+  5 

+18 

m  9 

—24 

_ 22 

-18 

—26 

—  9 

—18 

—16 

—  9 

Mar.  9. 26 

—11 

—  4 

—  4 

+  4 

+  9 

+  7 

+  6 

+  10 

—  9 

—  7 

—  9 

—16 

—  4 

Apr.  4.94 

+  1 

+  2 

+  1 

+  3 

—  1 

—  3 

—  2 

—  3 

—  4 

—  1 

+  5 

+  5 

+  4 

May  1. 62 

+  4 

+  11 

+  8 

+  1 

+  2 

+  4 

+  1 

+  3 

—  1 

—  4 

0 

+  2 

+  4 

May  28.30 

+  5 

+  2 

+  1 

0 

—  4 

—  6 

—  2 

+  4 

+  8 

+  8 

+  6 

+  1 

—  1 

June  23.  98 

—  8 

—  8 

—  6 

—  4 

+  1 

+  2 

+  1 

+  1 

+  3 

0 

+  2 

+  3 

+  3 

July  20.66 

0 

—  2 

+  5 

+  6 

+  5 

+  2 

+  2 

—  5 

+  1 

+  3 

+  1 

+  1 

+  4 

Aug.  16.  34 

+  1 

+  2 

—  2 

+  1 

0 

+  4 

+  4 

+  4 

+  6 

0 

+10 

—  4 

—  7 

Sept.  12. 02 

0 

+  5 

+13 

+  6 

—  1 

—  6 

—11 

—  9 

—  7 

—  7 

—  2 

+  6 

+10 

Oct,  8. 70 

—  9 

—  6 

—  2 

0 

+  5 

+  2 

—  4 

—  3 

—  6 

—  3 

+  4 

+  4 

+  3 

Nov.  4.38 

+  7 

+  8 

+  3 

+  1 

—  3 

—  3 

—11 

—16 

—  7 

+  5 

+  7 

+  1 

+  5 

Dec.  1. 06 

0 

+11 

+  5 

—15 

—24 

—19 

0 

+  2 

—  2 

+  1 

—  5 

—16 

—21 

Dec.  27.74 

+  6 

+  6 

—  3 

—  3 

—  6 

—  8 

—21 

—12 

—  6 

—11 

—  6 

+  4 

+32 

Mean . 

5 

6 

4 

5 

5 

7 

8 

8 

8 

4 

6 

7 

9 

T> 

_  7 

_ 7 

+10 

+17 

+20 
—  8 

+16 

—24 

—20 

-  60 

—49 

—68 

—36 

_ 18 

—36 

+  9 
—  2 

I . 

+  9 

+24 

-23 

—11 

—14 

—  2 

+12 

+16 

—  3 

Ill 


Table  22. — Variations  of  the  nortlnvest  pressures  for 1878  and  1882. 
[Units  second  decimal,  inches.] 


14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26  j 

27 

M.  P.  T. 

+  26 

+  2 

—  25 

+  io 

—  9 

-  1 

—  6 

+  2 

+13 

—  8 

+  9 

+43 

+23 

—  9 

I 

+  13 

43 

32 

+  6 

+  26 

+  19 

+42 

+35 

—10 

—  9 

—16 

—17 

I 

+  30 

+41 

+  14 

+  26 

+  19 

+20 

+18 

+  5 

+31 

+  2 

—40 

—  7 

+27 

+  24 

I 

—  6 

+  16 

+  13 

+  5 

+  5 

+12 

—39 

—10 

+  6 

—21 

—20 

—11 

—  5 

+17 

D 

+  29 

+34 

+  35 

+  38 

+  25 

+  13 

—  3 

—  2 

+  1 

—21 

—35 

+  2 

+21 

I 

+  21 

+21 

+  12 

+  2 

—32 

—12 

+  8 

+  1 

+  4 

+  14 

+  7 

+  5 

+  3 

0 

I 

+  18 

+15 

+  4 

+  io 

+  3 

—  5 

—  5 

—  4 

—  5 

+  4 

—10 

—  5 

+  8 

+  8 

I 

+  6 

—  4 

—  12 

—  6 

—  2 

—  2 

—  3 

—  3 

—  4 

—  1 

+  3 

0 

I 

—  5 

+  24 

—  14 

—  G 

+12 

+  17 

—  4 

—  7 

+  ^ 

+  10 

+  2 

—11 

+  1 

D 

—  20 

—  2 

+  15 

—  23 

0 

+  5 

+11 

+51 

+16 

—22 

—36 

— 55 

—42 

—16 

D 

—  34 

+  7 

+  17 

—  8 

—62 

—10 

+  8 

—  3 

+  19 

+35 

+65 

+48 

—  3 

D 

—  7 

—11 

+  14 

+  16 

—  8 

—  3 

+  8 

—19 

—  7 

—34 

—  5 

—  9 

-46 

— *5* 

I 

—  30 

— : 17 

-  40 

—  10 

+31 

+47 

+  18 

—  6 

+  2 

+  25 

+36 

+33 

-  2 

—  7 

I 

+  43 

+44 

—  23 

—  27 

+  8 

—18 

—16 

—13 

—27 

—14 

+  13 

—  2 

—18 

—33 

I 

21 

19 

20 

15 

15 

13 

13 

12 

13 

15 

21 

17 

16 

12 

15.4 

—  65 

+28 

+  99 

—  40 

—63 

+  19 

—  3 

+34 

+34 

—  4 

+19 

—16 

—61 

+  2 

+  149 

+82 

—  53 

+  44 

+41 

+  65 

+38 

±3 

+43 

—43 

—31 

+44 

—  3 

—22 

+  24 

+36 

—  9 

—  32 

—  5 

+  2 

+  5 

—  4 

—  5 

—26 

+20 

+  5 

+  2 

—  9 

D 

+  17 

+  3 

_  2 

—  34 

—34 

—32 

—  1 

+  14 

—40 

-  7 

+22 

+45 

+  16 

—  8 

D 

+  27 

+3G 

—  25 

—  34 

+  6 

—34 

_ 18 

+36 

+11 

—16 

—  5 

—23 

-J-  i 

D 

-  27  | 

— 12 

—  24 

—  27 

—18 

—  1 

—  6 

0 

+  10 

+29 

+42 

+22 

+  14 

I 

+  10 

1  +19 

+  10 

+  3 

—22 

+  4 

+21 

+15 

+23 

+  9 

—  2 

—11 

0 

+  7 

I 

+  9 

0 

-  13 

—  6 

+10 

—  3 

—23 

—22 

+  4 

—13 

+  2 

+  7 

+  6 

I 

—  11 

—17  i 

—  4 

—  10 

—  1 

+13 

+22 

+  2 

—17 

+  5 

+  4 

+ 12 

+  9 

'+2i' 

I 

”1"  ^  : 

o 

—  2 

+  6 

+12 

+  10 

+  15 

+  14 

—  5 

—19 

—26 

— 22 

—  8 

+  6 

I 

+  13 

+  !8 

+  13 

—  6 

+  7 

+18 

+12 

+11 

—  2 

+  4 

+  7 

+  4 

—  3 

—15 

D 

+  11 

— 23 

—  24 

—  6 

+  9 

+  15 

+  8 

+  6 

+  9 

—  1 

—  2 

—  3 

—20 

D 

+  12 

+  9 

—  6 

—  2 

+  9 

+  7 

—  3 

—12 

—43 

—18 

+32 

+51 

+40 

'"'o' 

D 

+  19 

+  7 

—  8 

+  2 

—22 

+  7 

+  10 

—  2 

+  8 

+  6 

+  7 

+23 

+  12 

-  3 

I 

+  45 

+10 

—  26 

—  36 

—39 

—22 

—12 

_  4 

_ 19 

-f  10 

+  U 

+26 

+37 

I 

+  8 

—  81 

—  4 

—  5 

—  2 

—  8 

—  8 

—  1 

+20 

—  3 

—  8 

+  23 

+  26 

D 

17 

14 

16 

15 

14 

12 

11 

11 

13 

12 

12 

20 

14 

8 

14.2 

+  97 

+87 

—114 

—118 

—13 

—26 

—  5 

+43 

—71 

—44 

+71 

+71 

+59 

—  6 

+  52 

+  7  | 

—  67 

—  68 

—80 

+  7 

+32 

—  3 

—  6 

+  8 

+25 

+77 

+78 

|  +45 

Table  23. —  Variations  of  the  northwest  temperatures  for  1878  and  1882. 
[Units  of  Fahrenheit  degrees.] 


14 

15 

'  16 

n l 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

M.  P.T. 

+  3 

—  8 

+  2 

—  3 

—  5 

+  2 

—  6 

—  6 

_  0 

—  1 

—  2 

—  1 

—  3 

_ _  2 

I 

-  3 

+  2 

+  3 

+  3 

+  1 

—  5 

—  6 

—  6 

—  4 

+  3 

+  5 

0 

+  2 

I 

+  2 

_ 2 

+  5 

+  5 

+  5 

+  3 

+  9 

+  4 

—  5 

+  4 

+  6 

—10 

—12 

I 

+  1 

—  2 

—  6  1 

—  5 

—  .3 

+  3 

+  7 

+  7 

+  2 

+  6 

+  3 

+  3 

+  1 

+  3 

D 

—  2 

—  7 

—  7 

—12 

—  9 

—  6 

—  3 

—  3 

—  1 

—  3 

—  6 

—  4 

—  6 

I 

—  2 

0 

+  2 

0 

—  1 

—  1 

+  1 

+  1 

+  1 

_  2 

—  3 

_ _  2 

—  4  1 

r+’i* 

[ 

—  9 

—  4 

0 

+  1 

—  1 

+  4 

+  2 

0 

+  2 

—  2 

0 

+  4 

+  6  1 

+  9 

I 

—  4 

-  4 

—  3 

—  3 

—  3 

0 

+  4 

+  3 

+  4 

+  4 

+  4 

+  6 

+  3 

I 

+  5 

+  3 

—  4 

—  5 

+  2 

0 

+  3 

+  4 

+  6 

+  6 

+  3 

+  3 

+  7 

+  7 

D 

+  7 

-  3 

—  7 

—  6 

—  6 

0 

0 

+  5 

—  5 

+  3 

+  8  i 

+  9 

+n 

+  5 

D 

+  2 

—  4 

—  8 

—  1 

+  6 

+  8 

-  8 

_  2 

—  4 

—  7 

—12  j 

-19 

-14 

D 

0 

+  2 

+  2 

—  2 

+  1 

+  4 

+  3 

+  7 

+  9 

+  4 

+  5 

+  9 

+  8 

+  4 

I 

+  3 

+  9 

+  5 

+  6 

0 

—  4  j 

—  2 

—  1 

+  3 

—  9 

—14 

-  9 

—  7 

+  6 

I 

-17 

—13 

—  6 

i  +12 

+  5 

—  7 

—  2 

0 

+  8 

+  7 

—  3 

-  9 

—  6  | 

0 

I 

4 

5 

4 

5 

3 

4 

4 

4 

4 

4 

5 

6  1 

<r 

5 

4.2 

+  15 

—  6 

—25 

1  — 17 

—  1 

+  11 

+  2 

+14 

—  1 

+  8 

+  2 

-  4 

+  5 

+15 

. 

—29 

-25 

—  2 

|+_7_ 

—  7 

—  8 

—  6 

+  4 

+24  | 

—  4 

—10 

0 

—17 

+  6 

-23 

—  5 

+  3 

+  4 

>7 

+  o 

+12 

+12 

+  18 

+11 

+  3  i 

+  2 

+  10 

+  17 

D 

+  1 

+  7 

+  5 

+20 

+20 

+  17 

1  +13 

+12 

+  9 

—12 

— 23 

-18 

-  3 

—  6 

I) 

—14 

—  8 

+  3 

0 

—  4 

+  11 

—11 

—  7 

+  12 

+12 

+  15 

+  6 

+  7 

D 

+  2 

0 

+  4 

_  2 

—  2 

+  1 

+  1 

0 

—  2 

—  1 

-  1  1 

—  4 

—  2  | 

—  6 

I 

+  6 

+  9 

+  5 

+  3 

—  3 

—13 

-17 

—17 

—  8 

—  1 

+  1 

—  1 

_  2 

+  3 

1 

0 

+  4 

+  1 

+  1 

—  1 

—  4 

—  9 

-13 

—14 

-10 

—  7 

—  7 

—  6 

I 

+  4 

+  4 

+  1 

—  3 

—  9 

—  7 

—  7 

—  3 

—  5 

—  5 

—  4 

—  6 

—  5 

—  4 

I 

+  6 

+  7 

+  7 

+  7 

+  1 

_  2 

—  4 

0 

0 

—  3 

0 

—  2 

—  1 

0 

I 

—  8 

-10 

—  4 

—  1 

+  2 

—  2 

0 

+  2 

—  1 

+  1 

+  2 

+  2 

+  1 

D 

+  10 

+  4 

—  1 

—  7 

—  7 

0 

+  6 

+  6 

+  8 

+  8 

+  5 

—  1 

—  5 

D 

+  2 

+  5 

+  7 

—  1 

—  1 

+  6 

—  1 

—  2 

+  1 

—  5 

—  4 

—  4 

+  1 

'  +  "6 

D 

+  8 

+  9 

+  9 

+  7 

+  2 

—  5 

—  7 

—  3 

—  4 

+  1 

—  3 

0 

+  9 

+  3 

I 

—10 

+  9 

+  14 

+  15 

+  12 

+  6 

+  1 

+  4 

+  6 

+  6 

+  9 

+  5 

+  4 

. 

I 

+  11 

+  11 

+  11 

—  2 

—  2 

+  7 

+13 

—  9 

-14 

—20 

-18 

-13 

+=12_ 

—  4 

D 

8 

7 

6 

5 

5 

6 

7 

6 

7 

7 

7 

5 

5 

4 

6.2 

—21 

4-  4 

+21 

+  10 

+12 

+49 

+30 

+  12 

+36 

—  7 

—21 

—26 

—14 

+  14 

. 

+  16 

+42 

+41 

+28 

0 

—24 

—42 

-32 

—27 

—13 

—  5 

— 15 

—  3 

—  4 

112 


Table  24. — Summary  of  horizontal  component  6.  (System  M.  P.  T.) 


DIRECT  TYPE. 


Year. 

1 

, 

3 

4 

5  6' 

1 

7 

8 

9 

10 

11  1 

12 

13 

1878... 

—  218 

—125 

—207 

—117 

+  51  —  221 

+  60 

+  70 

+  155 

+  80 

+213 

+  272 

+  151 

1879... 

+  176 

+  5 

4-194 

.+  183 

+  235  4-  329 

—  83 

—235 

—  88 

+  334 

+126 

+  115 

—  86 

1880... 

+  256  4-315 

+237 

+347 

+  171  +  403 

+228 

—  30 

+  92 

+  223 

+201 

+  238 

+  293 

1881... 

—  344 

4-  8 

+  37 

—243 

—  26  —  210 

—185 

— 105 

—  77 

+  74 

+244 
—  52 

*  +  248 

+  647 

1882... 

—  213 

—316 

+  70 

+445 

+  358  +  130 

—  68 

—  37 

+  329 

4-  594 

—  31 

+  76 

1883... 

4-  152  4-506 

+  74 

—246 

—  51  _  ]14 

+108 

+239 

+  287 

+  337 

—451 

—  406 

+  117 

1884.. . 

1885.. . 

4-  360 
4-  375 

4-265 

4-295 

+201 

+195 

—140 

+281 

—  664  —  571 
+  459  +  412 

—361 

—529 

—367 

—361 

—  127 

—  632 

—  158 

—  431 

+  85 
—762 

4-  131 
—  491 

+  286 
+  192 

1886... 

4-  193 

-527 

+609 

—485 

—  55  4-  385 

1  +331 

+298 

+  281 

+  561 

+750 

+  706 

+  573 

1887... 

—  105 

—400 

—423 

—470 

—  430  —  95 

+  69 

+172 

+  46 

—  31 

-  87 

+  160 

+  6 

1888... 

1889... 

.1-  fUS  '-356 

_ 192 

4-  1 

—  236  +  12 
+  208  +  130 

—  98 

—161 

—  145 

—  180 

+  31 

+  134 

_ 104 

4-  96 

—123 

—146 

+  14 

—  49 

—  52 

+  157 

1-  198 

—  53 

+  207 

+  357 

1890... 

4-  188  4-  61 

+298 

+291 

+  349  +  175 

j  +240 

+  275 

+  142 

+  23 

+  93 

+  199 

+  184 

1891... 

—  170  4-  84 

—  54 

—230 

+  252  +  336 

—  6 

+230 

+  32o 

+  191 

—  Ill 

+  66 

+  42 

1892... 

—  412 

*  —240 

—210 

—236 

—  50  +  180 

+360 

+  178 

+  136 

+  376 

+428 

+  500 

+  449 

1893... 

4-  25 

4-214 

+610 

+340 

+  561  +  421 

+458 

+308 

+  291 

+  308  +158! 

+  363 

—  67 

D... 

4-1007  4-348 

1  1 

+  75 

—265 

+1132  +1698 

+475 

+422 

+1172 

+2499;  +913 

1 

+2411 

-j-3115 

INVERSE  TYPE. 


1878... 

1 

+  214  +  468 

+ 

545; 

+  22 

131 

248 

+168 

304  — 

202 

+ 

118 

+ 

90 

+ 

99 

+  411 

1879... 

+  183,+  255| 

+ 

123 

+  32 

+ 

109! 

— 

116 

—352 

— 

226 

— 

247 

26 

165 

— 

245 

—  89 

1880... 

+  172:—  53 

+ 

171 

—  90 

+ 

83 

+ 

98 

+178 

+, 

142 

— 

130 

+ 

219 

— 

75 

— 

59 

+  25 

1881... 

+  474+  L 

+ 

127 

+  611 

+ 

511 

— 

246 

+  234 

— 

265 

— 

180 

416 

— 

518 

+ 

39 

+  117 

1882... 

+  180  +  164| 

+ 

450 

+  474! 

+ 

415 

274 

+387 

+• 

571 

+ 

561 

+ 

690 

+  539 

+ 

427 

+  397 

1883... 

+  52,+  2591 

+ 

345 

+  379  j 

+ 

304 

+ 

253 

+129 

+. 

169 

— 

148 

+ 

1 

— 

177 

+■ 

31 

—  147 

1884  .. 

+  465  274 

+ 

327 

+  453' 

116 

166 

—265 

353 

+ 

742 

+ 

223 

— 

575 

314 

+  25 

1885... 

+  626!+  20 

135 

+  273 

— 

356 

— 

175 

Hi-  99 

+ 

157 

85 

29 

+ 

37 

— 

26 

+  94 

1886... 

+  337  —  283 

_ 

359 

-  135 

_ 

87 

— 

103 

—  74 

+ 

135 

+ 

219 

+ 

363 

+ 

64 

+ 

215 

+  383 

1887... 

—  166—  280 

— 

278; 

—  31 

— 

79 

71 

+  65 

+ 

392 

524 

+ 

413 

+ 

280 

145 

—  421 

1888... 

+  160  +  36 

348 

—  136 

— 

357! 

— 

277 

—192 

+ 

269 

+ 

418 

+ 

274 

+ 

186 

BS 

628 

—  660 

1889... 

+  155,+  44 

_ 

30 

—  54 

+ 

114 

4- 

97 

+121 

'  + 

214 

+ 

95 

7d 

92 

+ 

143 

.+  165 

1890... 

—  2  +  280 

+ 

242 

+  159 

+ 

217 

+ 

270 

—130 

+ 

100 

118 

146 

326 

+ 

285 

+  57 

1891... 

1  +'182  +  148 

595 

—  144 

156 

34 

+  16 

38 

+ 

330 

— 

384 

699 

236 

—  67 

1892... 

—  346|—  341 

_ 

341 

—  26 

_ 

589 

— 

349 

+121 

+ 

497 

75 

+ 

170 

-j- 

380 

+ 

44 

—  19 

1893... 

+  216  323; 

+ 

295 

+  484 

0 

144 

—  87 

10 

— 

14 

+ 

68 

— 

229 

125 

—  290 

I.... 

+2902+1315 

+ 

1505 

+2271 

— 

118 

— 

507 

+418 

+2176 

1926j  +: 

1760 

— 

628 

— 

495 

—  19 

D-I _ 

!  — 1895J—  967 

!  1  1 

— 

1430 

!  —2536 

1 

+1250| 

+2207 

:  +  57 

1754  — 

754 

l  + 

739 

+1541 

+2906 

+3134 

Table  25. — Summary  northwest  pressure  variations.  (System  M.  P.  T.) 
DIRECT  TYPE. 


Year. 

1  | 

2 

3  J 

4 

5 

( 

8 

9 

10 

11  ' 

1 

2 

13 

1878... 

+  44 

+  76 

+  57 

+  10 

+ 

39 

+ 

58 

+  66 

37 

+ 

1 

48 

85 

44 

—  87 

1879... 

-  6 

—  54 

—115 

+  4 

— 

39 

+ 

10 

—  26 

+ 

69 

+ 

64 

— 

20 

— 

36 

— 

68 

+  19 

1880. . 

—  94 

—  23 

+  15 

—  17 

— 

34 

+ 

21 

+  62 

+ 

74 

+ 

64 

+ 

1 

— 

26 

— 

23 

+  15 

1881... 

—  9 

—  5 

—  30 

+  16 

+ 

41 

+ 

13 

+  7 

+ 

3 

+ 

24 

9 

— 

34 

+ 

10 

+  13 

1882... 

+  0 

+  19 

+  2 

—  37 

06 

58 

+  37 

+ 

6 

+ 

56 

— 

7 

63 

+ 

51 

+  36 

1883... 

—  1 

+  82 

—  43 

—  10 

+ 

15 

+ 

3 

—  16 

+ 

60 

+ 

64 

+ 

33 

+ 

27 

+ 

59 

+  19 

1884... 

+  13 

—  7 

+  45 

—  26 

+ 

48 

— 

49 

+  26 

— 

11 

+ 

22 

+ 

36 

+ 

68 

+ 

8 

—  14 

1885... 

+  31 

—  27 

—  70 

—107 

+ 

2 

— 

9 

+  27 

13 

— 

10 

+ 

31 

+ 

11 

+ 

25 

+  45 

1886... 

+  34 

—  18 

—  97 

—  62 

+ 

47 

+ 

33 

+  41 

— 

16* 

+ 

81 

+ 

14 

41 

1 

—  20 

1887... 

+  85 

—  31 

—  50 

—  15 

— 

9 

+ 

32 

+  47 

+ 

19 

+ 

22 

+ 

6 

— 

5 

+ 

11 

—  36 

1888... 

—118 

—  30 

—  1 

+  21 

. 

1 

— 

44 

+120 

+  : 

86 

+ 

57 

23 

— 

37 

— 

32 

—  88 

1889... 

—  34 

—  24 

—  84 

—122 

— 

42 

— 3 

86 

—  .59 

82 

154 

+ 

92 

+ 

37 

+ 

46 

+  15 

1890... 

+  4 

+  13 

—  21 

+  73 

+ 

32 

— 

23 

—  55 

— 

51 

+ 

15 

1 

57 

+ 

56 

—  50 

1891... 

—  3 

0 

+  13 

0 

— 

31 

— 

69 

—  45 

+ 

15 

+ 

16 

57 

-j- 

24 

47 

—  39 

1892... 

+  8 

+  30 

+  17 

+  69 

+ 

93 

+ 

50 

—  27 

17 

— 

22 

+ 

11 

+ 

38 

+ 

18 

—  13 

1893... 

—  36 

+  7 

—  27 

—  8 

— 

4 

— 

25 

+  24 

+ 

64 

+ 

70 

+ 

6 

23 

+ 

10 

+  11 

1894... 

+  20 

—  42 

—  69 

+  13 

+ 

10 

+ 

88 

+  65 

+ 

71 

+ 

78 

+ 

28 

— 

32 

— 

32 

—  94 

D... 

—  56 

—  34 

—458 

—198 

+103 

55 

+294 

+ 

404 

+ 

756 

+207 

- • 

74 

+ 

47 

—353 

113 

Table  24. — Summary  of  horizontal  component  d.  (System  M.  P.  T.) 


DIRECT  TYPE. 


14 

15 

16 

17 

1 

18  19 

20 

21 

22 

23 

24 

25 

26 

27 

+  145 

+106 

+  225  +  126 

+  150  —  98 

-131 

—  3 

—  1 

+  3 

—  54 

—118 

+  23 

—  32 

+  7 

—466 

—  292 

—  213 

+  338]  +462 

+150 

+  61 

—124 

+  156 

—121 

—316 

+  91 

+  148 

+  295 

+287 

+  184 

+  109 

—  6  —39 

—  4 

—  12 

—  88 

+  165 

—  12 

+  195 

+  63 

+  82 

+  164 

+  32 

+  338 

+  444 

+  296  —171 

—254 

—  31 

+  63 

+219 

+386 

+  99 

—  54 

+  100 

+  273 

+461 

..+  396 

+  548 

+  366  +399 

+424 

+365 

—  69 

+172 

+304 

—135 

+  106 

+  290 

+  204 

+109 

+  287 

+  480 

+  14!  —  30 

+144 

+163 

+458 

+  50 

—312 

+  195 

—189 

—  83 

+  569 

+343 

+  492 

+  575 

+  470  +209 

+236 

+538 

+  43 

—205 

—179 

-651 

—416 

—136 

+  152 

—  71 

+  485: 

+  558 

+  443  —348 

—412 

+  87  J 

+383 

+343 

+  97 

+481 

+365 

—  58 

+  599 
+  79 

+  315 
+308 

+  581 
+  206 

+  356 
+  235 

+  709  +298 

+  60  —  60 

—520 

+285 

—889 
+  68 

—761 

+219 

—468 

+334 

—278 

+501 

—  6 
+350 

-  55 
-4  37 

+  32 
+  48 

—  90 

—106 

—  25 

+  265 

—  121  —156 

—  89 

—341 

+  85 

+289 

+340 

+267 

+444 

+524 

+  144 

+274 

+  153 

+  171 

+  270  +205 

+219 

—279 

—406 

—262 

—382 

—109 

—120 

+134 

—  41 

—393 

—  155 

—  203 

—  42  j  —290 

—243 

+  1161 

+  30 

—  20 

—  72 

—  4 

+  47 

—  36 

+  157 

—  40 

+  103 

+  5 

+  68  —139 

—198 

_  46 

—  94 

+  304 

+  146 

+  10 

+  70 

—122 

+  558 

+  42 

+  330 

+  603 

—  336  —356 

+  264  +154 

—  38 

—  18 

—115 

—472 

—455 

—271 

+  58 

+188 

—  177 

—383 

+  149 

+  142 

+217 

+142 

—  25 

—428 

—323 

—268 

+285 

—  10 

+3038 

+  818 

+3457 

1 

+4201 

+2943  +  40 

1 

—214 

—  79 

—402 

+180 

—414 

—281 

+755 

+773 

INVERSE  TYPE. 


—  20 

+  83 

—  7 

—  31 

+  341 

+  546 

—  1 

-  38 

—  74 

+  19 

—  102 

+  59 

+  209 

—  263 

—286 

—  116 

+  171 

+  245 

+  463 

+  12 

—  285 

—244 

—150 

+  129 

+  276 

+  154 

+  248 

—  244 

—258 

—  186 

—  24 

—  277 

—  347 

—291 

—  333 

|  —381 

—421 

—  161 

+  65 

+  386 

+  540 

+  213 

—  42 

+  241 

—  312 

—  358 

—  433 

+  47 

+  497 

+370 

+530 

+  477 

+  317 

+  2 

+  1 

—  464 

—322 

—  672 

—  829 

—  713 

—1028 

—603 

—  698 

—671 

-273 

+  3p2 

—  125 

+  419 

+  448 

+  15 

+246 

+  111 

—  353 

+  833 

+  291 

—541 

+  150 

1  —  19 

+  6 

+  99 

+  233 

+  371 

+  220 

+  13 

+508 

+  667 

—  364 

—  744 

—  438 

+  60 

+  53 

1  —131 

+173 

+  324 

+  308 

+  266 

+  394 

+  330 

+292 

—  494 

-  520 

+  23 

+  97 

+  98 

+  266 

+  66 

+  21 

+  208 

+  349 

+  42 

+  140 

+  394 

+347 

-  12 

—  265 

—  Ill 

+  75 

+  187 

—  2 

!  —  53 

—175 

—  30 

+  170 

+  322 

+  265 

—  141 

—211 

—  385 

—  25 

—  58 

+  50 

+324 

+  365 

+640 

+384 

+  595 

—  217 

—  585 

—  127 

—  410 

-228 

—  243 

—  157 

+  263 

+  358 

+238 

+  102 

+  198 

+221 

+  482 

+  48 

+  151 

+  27 

+  246 

+383 

+  339 

+  302 

+  145 

—  6 

—  15 

—  374 

—152 

—449 

—  228 

—  303 

+  23 

—  13 

—  211 

+  140 

+  162 

+  67 

—  1 

—  323 

—  57 

+  37 

—183 

+  53 

+  257 

+  34 

+  339 

+  242 

+  128 

+471 

+  382 

—  48 

+  192 

—  174 

+  8 

+  148 

—  54 

_ 242 

—  204 

+  55 

+  144 

—  74 

+  712 

+353 

+  172 

+  61 

+  230 

+  230 

+499 

+  653 

+329 

+135 

+  388 

+  769 

+  790 

—  51 

—  413 

—493 

—  475 

—  231 

+  51 

+  138 

+261 

+  481 

+421 

+471 

+  66 

—  5 

—  48 

+  43 

—  115 

+983 

—  516 

—2558 

—  539 

—1083 

+226 

+  1022 

+  62 

+303 

+2624 

+1872 

+2835 

+2512 

+3153 

—165 

+3973 

+6759 

+3482  +1123 

—440 

—1101 

—464 

—123 

-3038 

—2153 

—2080 

—1739 

Table  25. — Summary  northwest  pressure  variations.  (System  M.  P.  T.) 


DIRECT  TYPE. 


14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

—  65 

, 

28 

+  69 

—  40 

—  63 

+  19 

—  3 

+  34 

+ 

34 

—  4 

+  19 

16 

61 

+  2 

—  35 

— 

30 

—  16 

—  51 

—  66 

—  8 

+  52 

+  77 

+ 

17 

+  40 

+  63 

_ 

26 

_ 

44 

—  68 

—  15 

+ 

56 

—  41 

—114 

—  78 

—  32 

+  67 

+  33 

1 

—  23 

+  56 

+ 

47 

_ 

12 

+  13 

+  25 

40 

+  5 

—  15 

—  28 

—  7 

+  33 

+  15 

_ 

20 

—  77 

—  26 

47 

+ 

54 

—  12 

+  97 

+ 

87 

—114 

-118 

—  13 

—  26 

—  5 

+  43 

_ 

71 

—  44 

+  71 

71 

+ 

59 

—  6 

—  27 

+ 

35 

+  78 

—  4 

—112 

-124 

—  40 

—  21 

_ _ 

84 

—  78 

+  5 

+ 

62 

+ 

5 

—  19 

+  3 

+ 

32 

+  7 

—  37 

—  41 

+  1 

0 

+  4 

+ 

8 

—  4 

_l_  2 

82 

51 

+  7 

—  13 

— 

12 

—  10 

+  12 

—  7 

—  62 

+  73 

-i-  74 

+ 

31 

—  19 

+  2 

_ 

14 

+ 

58 

+  16 

+  44 

— 

32 

+  91 

—  51 

—  43 

—  16 

—  46 

+  87 

+ 

4 

—  13 

—  30 

_ 

72 

+ 

22 

+  30 

—  52 

+ 

68 

—  10 

+  15 

—  12 

—  18 

—  31 

+  16 

30 

—  68 

+  18 

+ 

79 

27 

+  16 

—  27 

+ 

27 

+  50 

+  20 

—  15 

+  2 

—  11 

+  94 

+ 

93 

+  59 

+  79 

+ 

57 

_ 

37 

—  73 

—  58 

+ 

40 

+  31 

+  61 

+  29 

—  15 

—  2 

+  32 

+ 

50 

+  7 

—  27 

20 

_ 

63 

—  39 

+  13 

— 

28 

—  22 

—  60 

—  67 

+  8 

+  22 

+  13 

38 

—  18 

+  109 

+ 

55 

_ _ 

5 

—  24 

-  18 

+ 

26 

—  40 

—  11 

—  1 

+  21 

+  36 

+  55 

+ 

22 

—  4 

—  31 

13 

+ 

36 

+  41 

—  48 

+ 

15 

+  18 

—  43  ; 

—  95 

—  62 

—  44 

—  43 

35 

—  13 

+  19 

+ 

1 

+ 

40 

+  47 

—  7 

— 

14 

—  33 

-  48 

—  39 

—158 

+  18 

'  +  83 

+ 

13 

-  54 

+  27 

+ 

6 

+ 

20 

+  69 

—  91 

— 

60 

—  41 

-  87  ! 

+  30 

+  46 

+  55 

+  3 

20 

+  70 

+  81 

39 

31 

+  39 

—274 

+  198 

+  22 

—571 

—621 

+  431 

+174 

+599 

27 

—243 

+437 

+  143 

— 

37 

+  39 

10305— No.  21 - 8 
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Table  25. — Summary  northwest  pressure  variations.  (System  M.  P.  T.) — Continued. 

INVERSE  TYPE. 


Year. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

u 

12 

13 

1878... 

-111 

—  94 

—  33 

—  79 

+  48 

+  50 

—  23 

—  96 

—  96 

—  31 

—  28 

+  3 

'  +  56 

1879... 

—  41 

+  78 

+  38 

+  21 

+  15 

—  25 

.  —  65 

—  98 

—  154 

—  71 

+  53 

+  22 

+  27 

1880... 

—  16 

—  62 

+  1 

—  33 

—  22 

—  29 

—108 

—  76 

—  25 

+  39 

+  7 

+  110 

+108 

1881... 

0 

—  7 

—  7 

+  46 

+  21 

—  90 

—  31 

—  73 

—  63 

+  45 

+  10 

+  37 

+  38 

1882... 

+  5 

—  43 

—  40 

—  47 

—  39 

0 

—  54 

—  12 

+  41 

‘  +  16 

— '  2 

+  3 

+  29 

1888... 

—  33 

+  99 

+  84 

—  10 

+  50 

+  23 

—  86 

—  194 

-  Ill 

—  39 

—  9 

—  9 

—  60 

1884. . . 

—  55 

—  58 

—  33 

—  62 

+  45 

—  24 

—  15 

+  .  T 

+  25 

—  10 

—  10 

—  13 

+  10 

1885... 

+  14 

+  43 

+'•  35 

+  39 

—  16 

—  51 

—  22 

+  ^ 

—  2 

El  i3 

—  16 

—  7 

+  48 

1886... 

—  57 

—  80 

—  64 

—  48 

—  19 

+  33 

+  31 

+  22 

—  42 

+  10 

+  28 

+  45 

—  8 

1887... 

+  44 

+  26 

+  1 

+  16 

+120 

+150 

+  30 

—  123 

—  134 

—  25 

—  88 

—  95 

+  41 

1888... 

+  25 

+  18 

—  3 

—  55 

+  52 

+  97 

+  71 

+  51 

+  41 

+  71 

+  32 

+  19 

—  55 

1889... 

—  31 

-126 

—  62 

—  48 

+  37 

+  45 

+  88 

+  47 

0 

—  1 

—  44 

—  41 

—  4 

1890... 

—  71 

+  66 

+  69 

+  43 

+  46 

+105 

+  57 

+  12 

+  22 

•+  36 

+  33 

+  14 

—  17 

1891... 

—  3 

+  2 

-1-178 

+  73 

—  17 

—  52 

—104 

—  118 

—  99 

—  69 

-15 

+  33 

+  6 

1892... 

+  20 

—  46 

+  51 

+  32 

—  43 

;  —  22 

+  15 

—  98 

—  34 

—  34 

+  40 

—  46 

+  29 

1893.. 

+  77 

+  12 

+  41 

+  43 

+  44 

j  -  54* 

—  65 

—  62 

-  21 

+  46 

—  57 

—  61 

—  1 

1894... 

—  23 

+  23 

—  62 

—  35 

—  89 

+  15 

+  1 

-  20 

—  59 

—  25 

+  53 

+  57 

_  60 

I  ... 

—256 

—149 

194 

-104 

+233 

+171 

—280 

—  828 

—  711 

—  29 

—  13 

+  71 

,  +187 

I— D.. 

—200 

—115 

+652 

1  +  94 

1 

+130 

+226 

—574 

—1233 

—1467 

—236 

+  61 

—  24 

+540 

Table  26. — Summary  northwest  temperature  variations.  (System  M.  P.  T.) 
DIRECT  TYPE. 


Year. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

1878... 

—  4 

5 

+ 

2 

+  1 

4 

—15 

22 

—  15 

j  +  4 

4 

10 

+ 

5 

+  9 

+  7 

1879... 

_  7 

_ 

3 

10 

+  18 

+ 

6 

+  3 

— 

11 

—  9 

1  —  20 

+ 

7 

4- 

14 

+  8 

+  9 

1880... 

-f-36 

+ 

35 

+ 

17 

4-  7 

+ 

8 

—  1 

— 

23 

-  38 

—  21 

23 

1 

—  2 

+  9 

1881 . . . 

+33 

34 

+ 

32 

—  9 

21 

—  5 

— 

2 

—  4 

—  18 

— 

16 

— 

6 

—11 

—13 

1882... 

—  7 

— 

7 

+ 

10 

+  20 

+ 

16 

—20 

— 

60 

—  49 

—  68 

— 

36 

— 

18 

—36 

+  9 

1883... 

—35 

— 

9 

+ 

6 

+  9 

— 

3 

+  22 

+ 

8 

—  16 

—  21 

— 

29 

— 

38 

—21 

—24 

1884... 

+  7 

— 

1 

14 

.  +  4 

— 

22 

+  5 

6 

—  11 

—  39 

— 

21 

— 

12 

+25 

—  2 

1885... 

—34 

— 

5 

_ 

3 

.  +  7 

— 

34 

—33 

— 

13 

—  26 

—  45 

— 

23 

— • 

30 

— 25 

—27 

1886... 

—13 

+ 

4 

+ 

33 

+31 

+ 

10 

+17 

4- 

25 

+  5 

—  22 

— 

12 

— 

14 

—24 

—28 

1887... 

—26 

+ 

14 

1 

—  1 

5 

—  3 

11 

—  34 

—  12 

. — . 

16 

— 

7 

—  6 

+  2 

1888... 

—29 

50 

— 

34 

—32 

— 

15 

—18 

— 

40 

—  26 

—  18 

+ 

14 

4-' 

27 

+21 

+36 

1889... 

+  4 

+ 

3 

+ 

11 

—  1 

— 

11 

’  +  5 

+ 

9 

—  9 

—  31 

0 

4- 

12 

+21 

+  16 

1890... 

+  39 

+ 

29 

+ 

36 

+16 

+ 

35 

+31 

4” 

35 

+  30 

+  7 

+ 

31 

+ 

11 

—  5 

—  4 

1891... 

—  6 

3 

_ 

23 

—32 

20 

—  3 

— 

26 

—  34 

—  21 

6 

15 

+34 

+  9 

1892... 

—35 

— 

25 

— 

32 

—30 

— 

35 

—25 

— 

12 

+  3 

+  8 

+ 

7 

4- 

1 

+12 

+17 

1893... 

—28 

_ 

19 

— 

22 

—27 

— 

5 

—11 

0 

—  22 

—  1 

+ 

9 

4- 

3 

+  7 

+  7 

1894... 

+32 

+ 

39 

+ 

33 

0 

— 

1 

—  5 

— 

17 

—  2 

+  16 

+ 

24 

4- 

17 

+15 

+18 

D... 

—73 

+ 

31 

+ 

41 

—19 

101 

—56 

—166 

—257 

—308 

— 

80 

21 

+22 

+41 

INVERSE  TYPE. 


1878... 

■ —  5 

+ 

13 

+ 

2 

4-15 

+ 

13 

—  5 

5 

+ 

8 

3 

0 

+ 

14 

—  8 

—27 

1879... 

—13 

— 

41 

■ — 

7 

—  7 

+ 

9 

+  1 

+ 

12 

+ 

18 

+ 

19 

+ 

48 

— 

7 

+  5 

+18 

1880... 

—25 

+ 

13 

+ 

24 

+  7 

+ 

13 

+11 

+ 

22 

+ 

32 

+ 

17 

+ 

12 

+ 

13 

+  9 

+  1 

1881... 

—  8 

12 

22 

+10 

4- 

26 

+  16 

— - 

21 

+ 

8 

+ 

1 

+ 

23 

— 

1 

—12 

—  3 

1882... 

+  9 

+ 

24 

+ 

17 

—  8 

24 

—23 

— 

11 

14 

— 

2 

+ 

12 

+ 

16 

—  3 

—  2 

1883... 

+  5 

4 

+ 

8 

.  +17 

+ 

19 

+34 

+ 

13 

+ 

11 

— 

12 

— 

6 

+ 

15 

+  1 

—  5 

1884... 

—15 

— 

33 

.  — 

36 

—19 

35 

—34 

— 

15 

— 

14 

— 

2 

+ 

2 

+ 

6 

1  +  3 

+  8 

1885... 

+27 

+ 

20 

+ 

29 

+  43 

+ 

28 

—  8 

— 

27 

— 

27 

— 

15 

— 

8 

— 

11 

—16 

—46 

1886... 

+23 

+  . 

17 

4 

15 

+  25 

+ 

17 

if  22 

+ 

5 

+ 

12 

+ 

16 

+ 

14 

— 

7 

+  6 

0 

1887... 

—  2 

12 

— 

23 

—50 

64 

— 38 

— 

25 

— 

41 

+ 

27 

10 

+ 

18 

+  14 

—35 

1888... 

—17 

— 

13 

+ 

10 

—16 

— 

34 

— 24 

+ 

7 

+ 

14 

+ 

34 

+ 

29 

+ 

52 

4  34 

+36 

1889... 

+  5 

. — 

1 

+ 

3 

—19 

+ 

6 

—17 

— 

30 

— 

15 

— 

4 

+ 

14 

+ 

22 

+14 

+39 

1890... 

—  6 

— 

24 

44 

—39 

42 

—26 

— 

7 

+ 

9 

— 

8 

— ; 

39 

17 

—17 

+19 

1891... 

—16 

— 

49 

_ 

82 

—11 

+ 

22 

+11 

+ 

16 

+ 

55 

+ 

40 

— 

1 

— 

15 

—31 

+10 

1892... 

—  5 

+ 

16 

— 

17 

+  12 

+ 

22 

—  3 

18 

+ 

8 

+ 

49 

+ 

26 

+ 

21 

+26 

+  ^ 

1893... 

—  6 

12 

— . 

19 

—15 

23 

+  9 

+ 

6 

0 

21 

21 

5 

-  3 

—21 

1894... 

—21 

— 

14 

+. 

19 

+24 

+ 

35 

+13 

9 

— 

3 

+ 

6 

+ 

8 

— 

15 

+  7 

+  9 

I  ... 
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Table  25. — Summary  northwest  pressure  variations.  (System  M.  P.  T.) — Continued. 


INVERSE  TYPE. 
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+  12 
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+  25 
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1 
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1 
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1 
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Table  26. — Summary  north  west  temperature  variations.  (System  M.  P.  T.) 


DIRECT  TYPE. 
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3 
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+ 

9 

_L 

13  ! 

10 

+35  +22  1  —  12 

—  25 
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+ 
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12 
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+ 
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+ 

33 
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+ 
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6 

28 

— 
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INVERSE  TYPE. 
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Lest  tlie  criticism  may  De  urged  that  this  selection  of  groups  approxi¬ 
mately  conforming  to  a  normal  curve  would  reproduce  any  curve 
adopted  as  the  model,  for  a  final  collection  the  general  law  of  Table  21 
was  applied  rigorously  throughout  the  same  data,  wherein  no  selection 
is  made  by  matching.  This  is  a  tour  de  force  and  an  excessive  test  of 
the  period,  the  curve,  and  the  deduced  law,  because  it  is  applied 
mechanically  through  sixteen  years  of  data  in  the  magnetic  force,  the 
pressure  and  the  temperature,  right  up  to  the  transition  dates,  whereas 
in  the  periods  near  the  penumbral  dates  there  is  likely  to  be  an  over¬ 
lapping  of  the  periodic  form,  even  for  some  distance,  or  else  a  condition 
where  the  true  normal  form  is  not  impressed  vigorously  upon  the 
earth’s  field,  so  that  the  curves  of  observation  may  there  be  partly  for¬ 
tuitous.  As  our  object  is  to  establish  a  normal  curve  and  period,  the 
result  derived  from  the  general  law  is  merely  corroborative  of  the 
others.  It  will  require  a  still  further  review  of  the  observations  to 
distinguish  the  best  subdivision  of  the  periods,  because  all  the  results 
given  in  this  paper  are  such  as  came  to  hand  without  knowing  what 
the  physical  law  really  was.  On  Table  27  are  collected  the  various 
summations  under  the  respective  heads,  which  are  self-explanatory 
after  this  recital  of  the  procedure  followed  in  the  computations.  These 
values  are  plotted  as  ordinates  on  the  respective  curves,  which  are 
plainly  marked  for  intercomparison,  charts  21,  22.  In  spite  of  many 
minor  divergencies  among  these  curves,  the  type  is  clearly  discerned, 
and  the  adopted  form  of  the  normal  curve  is  drawn  at  the  bottom  of 
the  D  and  I  type  diagrams  respectively.  By  comparison,  these  curves 
are  found  to  be  the  same  on  inverting  one  of  them.  The  conclusion  is 
obvious  that  a  typical  normal  curve  underlies  the  entire  system  of 
magnetic  and  meteorological  observations,  and  that  the  former  precedes 
the  latter  in  the  sequence  of  cause  and  effect.  (Compare  Chart  9.) 


Chart  21. — 26.68  day  solar  period,  direct  type. 
Chart  22. — 26.68  day  solar  period,  inverse  type. 


C/rarfz/. 


Table  27. — Determination  of  the  normal  solar  curve. 
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The  normal  curve  derived  as  above  when  wrapped  around  a  center 
and  developed  clockwise,  since  the  sun’s  rotation  is  anticlockwise,  is 
shown  on  Chart  23.  In  order  to  present  its  most  symmetrical  appear¬ 
ance  it  may  be  referred  to  two  rectangular  axes,  and  the  origin  should 
then  be  changed  to  the  middle  of  the  second  day  of  the  ephemeris 
derived  from  epoch  June  12.22.  Accordingly  a  new  ephemeris  referred 
to  epoch  June  13.72,  1887,  has  been  constructed,  of  which  the  January 
dates  for  the  years  1840-1899  are  here  given.  This  investigation  was 
conducted  by  means  of  the  old  ephemeris,  but  it  is  thought  desirable 


Chart  23. — Direct  type  of  the  variation  of  the  magnetic*  and  meteorological  elements  in  the  26.68 

day  period. 

Old  epoch— June  12.22, 1887. 

New  epoch — June  13.72, 1887. 

Period  26.67928  days. 

to  have  the  symmetrical  type  of  the  curve  adopted  by  others,  together 
with  the  ephemeris  belonging  to  it.  The  old  curve  and  ephemeris  are 
found  by  subtracting  1.50  day  from  the  dates  herewith  presented  in 
Table  28.  The  form  of  the  normal  periodic  curve  is  also  given,  and  the 
position  of  the  ends  of  the  rectangular  axes  are  marked  along  the  line 
of  abscissas.  For  convenience  the  curve  is  developed  to  the  right,  as  the 
changing  aspect  of  the  effect  at  the  earth  is  thus  conveniently  presented 
for  study,  but  it  corresponds  to  an  antirotational  direction  on  the  sun  itself. 
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Table  28. — Ephemeris  of  the  solar  magnetic  period. 
[Epoch  June  13.72, 1887.  Period  26.67928.] 


1840... 

...Jan.  16.  87 

1860... 

. .  .Jan.  21.  99 

1880... 

...Jan.  27. 11 

1841... 

1861... 

1881... 

...Jan.  7.94 

1842... 

...Jan.  6.21 

1862... 

...Jan.  11. 33 

1882... 

. . .  Jan.  16. 45 

1843 . . . 

...Jan.  14.  72 

1863... 

...Jan.  19. 84 

1883... 

...Jan.  24. 96 

1844... 

...Jan.  23.  23 

1864... 

...Jan.  1.67 

1884... 

...Jan.  6.79 

1845... 

. . .  J  an.  4.  06 

1865... 

...Jan.  9.18 

1885... 

_ Jan.  14.  3C 

1846... 

...Jan.  12. 57 

1866... 

...Jan.  17.  69 

1886... 

...Jan.  22.81 

1847... 

...Jan.  21.08 

1867... 

1887... 

...Jan.  4.64 

1848... 

...Jan.  2.91 

1868... 

...Jan.  8.03 

1888... 

. ..  Jan.  13. 15 

1849... 

...Jan.  10. 42 

1869... 

...Jan.  15.  54 

1889... 

— Jan.  20.  66 

1850... 

. . .  Jan.  18.  93 

1870... 

...Jan.  24. 05 

1890... 

...Jan.  2.49 

1851... 

...Jan.  27. 44 

1871... 

...Jan.  5.88 

1891... 

. .  .Jan.  11. 00 

1852... 

...Jan.  9.27 

1872... 

1892... 

1853... 

...Jan.  16.  78 

1873... 

...Jan.  21. 90 

1893... 

1854... 

...Jan.  25.  29 

1874... 

1894... 

1855... 

...Jan.  7.12 

1875... 

...Jan.  12. 24 

1895... 

...Jan.  17. 36 

1856... 

. . .  Jan.  15.  63 

1876... 

1896... 

...Jan.  25. 87 

1857... 

...Jan.  23.14 

1877... 

...Jan.  1.59 

1897... 

1858... 

1878... 

...Jan.  10.  09 

1898... 

...Jan.  15.  21 

1859... 

1879... 

...Jan,  18.  60 

1899... 

...Jan.  23.  72 

European  observations. 


C.G.S. 


It  may  be  stated  that  according  to  our  conception  this  curve  repre¬ 
sents  tbe  average  distribution  of  a  quasi  static  field  surrounding  the 
sun,  at  tbe  distance  of  tbe  earth,  and  therefore  it  affords  tbe  basis  for 
a  partial  discussion  of  tbe  state  of  magnetism  witliin  tbe  nucleus  of  tbe 
sun  itself,  by  tbe  spherical  harmonic  analysis.  If  tbe  sun  maintains 
this  ty ideal  field  through  fifty  years  without  secular  change,  then  tbe 
solar  nucleus  must  possess  a  stability  of  some  sort,  quite  different  from 
the  vaporous  condition  often  assigned  by  astronomers  to  tbe  interior 
of  tbe  sun.  .Agreeing  as  tbe  26.68-day  period  does  with  tbe  observed 
rotation  of  tbe  sun  at  its  visible  equator,  instead  of  with  tbe  average  of 
tbe  sun-spot  rotation,  this  indicates  a  circulation  of  tbe  photosphere  like 
that  of  tbe  earth’s  upper  atmosphere,  at  tbe  extremity  of  a  radius  of 
condensation  by  cooling  of  tbe  solar  material,  and  thus  modifies  some 
other  conceptions  in  solar  physics. 

Regarding  tbe  amplitude  adopted  for  tbe  normal  curve,  it  is  simply 
that  which  matches  tbe  variations  of  tbe  horizontal  component  for  tbe 
latitude  of  the  United  States  and  Europe.  Applying  it  to  tbe  total 
vector  s  in  tbe  same  latitude,  also  to  tbe  polar  regions,  enlarging  fac¬ 
tors  are  required  which  can  be  readily  supplied  by  tbe  data  given  in 
other  parts  of  this  paper. 
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SYNCHRONISM  OF  THE  SAME  IN  THE  11-YEAR  PERIOD. 

f  We  now  turn  our  attention  to  another  line  of  argument  to  show  the 
synchronous  action  of  the  solar  and  terrestrial  elements.  It  is  similar 
to  the  data  usually  given  in  this  connection,  such  as  was  collected  by 
van  Bebber  in  Witterungskunde,  VI  Einfluss  der  Sonnenflecken  auf 
die  Witterung,  pp.  199-259.  It  depends  upon  the  tabulations  already 
described,  and  some  additional  compilation  on  the  positions  of  the 
storm  tracks  and  the  movement  of  storms.  The  secular  changes  can 
not  be  attributed  to  any  transient  or  fortuitous  combinations  of  forces, 
such  as  the  electromagnetic  solar  radiation  which  expends  its  energy 
in  convectional  circulations  of  short  duration,  while  the  atmosphere 
tends  back  to  a  state  of  equilibrium.  On  the  other  hand,  they  must  be 
referred  to  some  long-sustained  state  of  the  medium  in  which  the 
earth  is  immersed  and  which  affects  its  temperature  and  the  other  con¬ 
ditions  of  the  circulation  of  the  currents  of  the  air  as  a  whole  for  great 
periods  of  time  when  compared  with  the  variable  states  observed  in 
the  highs  aud  lows  of  the  weather  maps.  Such  prolonged  and  sus¬ 
tained  changes  in  the  magnetic  and  meteorological  elements  can  never 
be  explained  by  transient  electric  currents  of  the  upper  atmosphere, 
and  this  constitutes  an  insuperable  difficulty  toward  regarding  that 
theory  of  the  origin  of  the  observed  magnetic  forces  as  sufficient.  The 
first  objection  raised  against  the  theory  was  that  the  actual  changes 
in  the  magnetic  field  are  too  rapid  and  too  widely  distributed  simultane¬ 
ously  over  the  earth,  to  be  due  to  local  currents  of  the  air  in  any  district; 
the  second  objection  is  now  added  that  other  values  of  the  forces  are 
too  long  sustained  to  be  attributed  to  such  a  source.  The  explanation 
offered  in  this  paper  is  that  the  earth  lies  in  a  solar  magnetic  field, 
which  by  its  unsteadiness  causes  all  kinds  of  quick  variations  in  the 
earth’s  field,  and  thus  accounts  for  the  first  class  of  changes;  and  that 
the  same  solar  field  goes  through  long,  steady  secular  changes  as  sug¬ 
gested  by  the  sun  spots  and*  the  other  allied  phenomena.  In  both  the 
physics  is  based  upon  the  fact  that  an  increase  in  the  intensity  of  the 
magnetic  field  lowers  the  temxierature  of  the  atmosphere,  and  thus 
influences  the  convective  circulation  as  a  whole,  but  especially  in  the 
polar  regions.  The  simplicity  of  this  view  and  its  cosmical  efficiency 
is  such  as  to  readily  account  for  the  widely  diversified  effects  that  have 
been  ascribed  to  it.  A  series  of  secular  results  is  collected  on  Tables 
29,  30  which  will  be  briefly  described. 

1.  From  the  Carrington,  Spoerer,  Greenwich,  Washington  sun-spot 
observations,  the  total  spotted  area,  expressed  in  units  of  tooVoo'  part 
of  the  disk,  for  each  year,  was  summed  up  and  the  result  is  put  in 
column  2,  Table  30.  It  develops  the  curve  of  sun-spot  frequency. 

2.  If  the  mean  of  the  numbers  along  each  period  in  Table  20  of  the 
horizontal  component  <r,  and  be  taken  without  regard  to  sign,  the 
values  for  1878  and  1882  appear  in  the  respective  columns  of  Table 
29.  Similar  mean  values  for  other  years,  1878-1893,  are  collected  in 


MEAN  VALUES  OF  THE  EUROPEAN  HORIZONTAL  COMPONENT 
[Including  disturbances.  Sixth  decimal  C.  G.  S.] 
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Table  30. — Comparison  of  tlic  secular  variations  of  the  sun  spots,  the  European  magnetic 
field,  and  the  American  meteorological  system. 


Elements. 

Spotted  areas  of 
sun. 

European  magnetic 
component  <x. 

American  X.  W. 

temperature  (25). 

X.  W.  temperature 
(10  stations). 

X.  W.  pressure  (10 

stations) . 

Storm  move¬ 
ments  in 
longitude. 

Storm  movements 
in  latitude. 

Cold  wave. 

Temperature  ampli¬ 

tudes. 

American  meteoro¬ 

logical  system. 
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the  same  table.  These  numbers  measure  the  relative  strength  of  the 
impressed  field  superposed  upon  the  earth’s  normal  field;  also  the 
mean  annual  variation,  which  is  the  average  range  in  amplitude,  and 
expresses  the  tendency  to  depart  from  a  uniform  normal  field.  On 
Table  29,  under  mean  dates,  is  given  the  mean  of  the  dates  on  which 
the  successive  periods  began  for  the  years  considered.  The  mean  of 
the  tabular  values  for  the  columns  and  rows  gives  the  tendency  in 
this  force  to  vary  throughout  the  year,  and  also  from  year  to  year. 

It  shows  a  positive  synchronism  with  the  spotted  area  in  the  secular 
period;  but  in  the  annual  period  merely  irregularities  which  may  pos¬ 
sibly  contain  symptoms  of  the  inversion  jdieuomenon.  It  will  be 
necessary  for  students  holding  the  view  of  atmospheric  electric  cur¬ 
rents  as  the  cause  of  these  phenomena  to  show  how  it  is  that  the 
secular  variation  is  pronounced  and  synchronous  with  the  sun-spot 
period,  while  the  annual  shows  no  tendency  to  exhibit  a  variation  with 
the  sun’s  declination,  upon  which  the  entire  system  of  meteorological 
convective  currents  primarily  depends  and  to  which  the  currents  them¬ 
selves  are  referred.  Diagrams  of  the  secular  curves  are  found  on  Chart 
24,  and  may  be  consulted  in  passing. 

3.  An  exactly  parallel  discussion  of  the  pressure  and  the  temperature  j 
data  of  Tables  22, 23,  and  of  the  other  years  of  the  series  1878-1894  is 
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collected  on  Table  29,  the  secuiar  and  annual  means  being  taken.  These 
are  transferred  to  Table  30,  and  plotted  on  Chart  24.  Likewise  the  mean 
annual  temperature  of  80  stations  in  the  United  States,  also  of  25 
northwest  stations,  has  been  computed,  the  results  being  similar  to 
those  before  presented.  To  conform  with  the  snn-spot  curve,  the  tern 
perature  curve  is  inverted,  and  the  pressure  is  direct.  This  means  that 
an  increase  of  solar  magnetic  intensity  is  synchronous  with  a  diminu¬ 
tion  of  temperature,  but  with  an  increase  of  pressure,  and  this  function 
persists  throughout  every  phase  of  the  research.  In  spite  of  some 
irregularity,  there  is  a  distinct  conformity  in  the  general  sweep  of  these 


Chart  24. — Diagram  of  tlio  relative  secular  variations  in  the  sun  spots,  the  European  magnetic  field, 
and  the  American  meteorological  system. 


curves,  and  also  in  the  tendency  to  describe  crests  during  the  same 
years.  Indeed,  the  occurence  of  four  subordinate  crests  in  the  11-year 
periods  suggests  strongly  that  a  2f  -year  period  is  superposed  upon  the 
long  sweep  of  that  periodic  curve.  Apparently  this  is  more  at  the  basis 
of  the  seasonal  variations  of  the  weather  conditions  of  the  United 
States  than  anything  else,  so  that  in  long-range  forecasting  this  period 
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must  be  very  carefully  considered.  Unfortunately  the  great  labor  of  j 
computing  the  component  a  for  many  years,  and  the  fact  that  the  north¬ 
west  temperature  observations  are  not  complete  previous  to  the  year  1878, 
makes  it  difficult  to  trace  the  variations  backward.  The  lapse  of  time 
will,  however,  enable  us  in  the  future  to  confirm  this  periodicity,  if  it 
persists. 

RELATIVE  EFFICIENCY  OF  THE  SEVERAL  FORCES. 

In  order  to  estimate  the  approximate  efficiency  of  the  external  mag¬ 
netic  field  in  affecting  the  meteorological  elements,  it  is  seen,  Table  29, 
that  the  annual  range  of  temperature  was  about  60°  F.,  while  in  the 
secular  period  it  was  about  7°  or  8° — that  is,  one-eighth  as  large.  The 
magnetic  field  has  probably  about  one-eighth  of  the  power  of  the  com¬ 
mon  insolation  to  change  the  temperatures  of  the  Dakota  region.  The 
action,  of  course,  is  very  complicated,  being  propagated  through  the 
convectional  system,  whereby  highs  and  lows  traverse  that  district, 
but  yet  its  efficiency  represents  an  important  though  indirect  part  of 
the  temperature  force  operating  in  the  interior  of  the  North  American 
continent.  In  the  same  way  the  mean  annual  range  in  pressure  is 
about  0.24  of  an  inch  of  mercury,  while  in  the  secular  period  it  is 
about  0.08  of  an  inch — that  is,  one-third  the  annual  change.  I  have 
therefore  felt  justified  in  believing  that  about  25  or  30  per  cent  of  the 
weather  conditions  of  the  Dakota  region  are  very  closely  connected 
with  the  magnetic  sources.  It  may  be  stated  that  the  application  of 
the  ephemeris  and  periodic  curve  to  the  northwest  would  forecast  about 
75  per  cent  of  the  crests,  provided  the  exact  time  of  inversion  of  the 
curve  were  known  in  advance.  It  is  this  complication  which  has  pre¬ 
vented  the  scheme  having  an  immediate  value  for  practical  work.  At 
present  the  conditions  are  not  sufficiently  well  understood  to  venture 
on  the  public  forecasts,  and  I  suppose  that  the  required  final  knowledge 
of  the  physical  conditions  will  only  come  as  the  result  of  a  long  cam-  j 
paign,  which  implies  the  establishment  of  permanent  observatories  on 
Northern  Rocky  Mountain  Slope.  The  total  lack  of  magnetic  obser¬ 
vations  there  is  a  great  obstacle  to  the  suitable  completion  of  this 
research  and  to  securing  a  practical  result. 

The  annual  range  in  the  pressure  amplitudes — that  is,  the  extreme 
tendencies  to  strong  or  weak  highs  and  lows,  respectively,  which  are 
characteristic  of  the  winter  and  the  summer  season — is  about  0.08  of  an 
inch,  while  the  secular  range  is  about  00.4  of  an  inch — that  is,  50  per 
cent.  One  of  the  most  marked  features  of  the  study  of  the  curves  of 
magnetic  and  meteorological  elements  from  year  to  year  is  the  fact  that 
in  some  years  the  curves  are  turbulent  and  in  others  quiet.  The 
gradual  change  from  one  extreme  to  the  other,  which  has  occurred 
several  times  in  the  magnetic  curves  since  1841,  leaves  the  impression 
that  the  solar  action  is  persistent,  but  going  through  secular  variations. 
To  reverse  this  view,  as  the  theory  of  upper  air  electric  currents 
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requires,  is  unsound,  since  it  implies  that  tlie  earth’s  magnetic  field 
influences  the  sun  itself.  Unless  it  can  be  shown  by  observations  that 
the  electromagnetic  field  has  a  secular  variation  in  intensity,  these 
slow  changes  can  not  be  referred  to  that  radiation  as  their  cause. 
This  has  never  been  done,  the  results  of  observation  being  negative. 
On  the  other  hand,  the  observational  proof  of  the  variation  of  the 
direct  magnetic  field  is  clear  and  of  a  kind  to  accord  with  the  nature 
of  the  observed  efl’ects.  The  annual  range  in  temperature  amplitudes 
is  about  6°  F.,  and  the  secular  range  about  1°.  The  data  appears  on 
the  twelfth  column  of  Table  30.  * 

An  extensive  computation  of  the  location  of  the  mean  tracks  of  the 
highs  and  lows  of  the  United  States,  whose  results  are  mentioned  in 
Bulletin  No.  20  of  the  Weather  Bureau,  has  been  executed,  to  the  fol¬ 
lowing  effect.  The  mean  position  of  the  highs  and  lows  as  they  drift 
eastward  go  through  a  series  of  accelerations  and  retardations;  also 
the  mean  tracks  change  their  location,  as  a  whole,  in  latitude.  This 
computation  includes  the  cold-wave  tracks.  The  result  is  placed  in 
columns  6-11  of  Table  30.  The  value  of  the  units  in  inches  is  indi¬ 
cated,  and  the  fact  that  the  longitude  curves  are  inverted,  while  the 
latitude  curves  are  direct.  This  means  that  in  years  of  increased 
magnetic  impulse  the  tracks  lie  farther  north  and  the  eastward  move¬ 
ments  are  slower  by  the  amount  indicated,  the  extremes  being  about 
150  miles  east  and  west  and  10  miles  north  and  south  for  tbe  highs  and 
lows;  the  cold- wave  tracks  are  more  to  the  north  in  the  stronger  mag¬ 
netic  years.  The  curves  conform  to  the  type  set  by  the  magnetic  curve 
and  should  individually  be  compared  with  it.  If  it  be  assumed  that 
each  of  the  individual  curves  here  brought  forward  from  the  American 
meteorological  system,  is  a  more  or  less  accurate  measure  of  the  action 
of  that  force  which  causes  the  changes  synchronously  in  all  the  ele¬ 
ments,  then  the  mean  of  the  ordinates  of  these  meteorological  curves 
will  furnish  the  average  type,  which  is  given  in  the  last  column  of 
Table  30,  and  the  third  curve  of  Chart  21.  A  comparison  of  this  mean 
American  meteorological  curve  with  the  European  magnetic  curve, 
certainly  shows  conformity  to  such  an  extent  as  to  exclude  merely 
accidental  physical  relations.  Should  such  a  result  be  obtained  also  in 
the  future,  it  will  be  a  demonstration  of  the  synchronism  of  the  two 
systems  of  forces  under  consideration. 


Table  31. — The  solar  magnetic  force,  West  Indies  hurricane  frequency ,  movement  in  longitude,  and  number  of  highs  and  loivs  in  the  26.68-day  period. 

Days  of  the  26.68-day  period. 
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SOME  MISCELLANEOUS  DATA  SHOWING  SYNCHRONISM  IN  THE  26.68- 

DAY  PERIOD. 

It  is,  perhaps,  unnecessary  to  adduce  more  evidence  of  the  inter¬ 
dependence  of  these  forces;  but  it  may  be  stated  that  one  can  hardly 
attack  any  of  the  meteorological  problems  by  means  of  the  26.68-day 
period,  provided  that  the  eastward  drift  be  allowed  for  with  the  accom¬ 
panying  convectional  changes,  without  reproducing  the  normal  curve 
with  some  degree  of  precision.  Usually  it  requires  many  observations 
to  do  so;  but  this  is,  of  course,  due  to  the  necessity  of  separating 
indirectly  the  two  closely  interwoven  systems.  In  the  magnetic  field, 
the  auroras,  and  the  earth’s  currents  the  time  correction  is  not  needed. 
In  the  extreme  northwest  the  time  is  the  same;  but  everywhere  else 
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Chart  25. — Diagram  of  the  magnetic  force,  hurricane  frequency,  movement  in  longitude,  and  number 
of  highs  and  lows  in  the  26.68-day  period. 


tlie  epliemeris  must  be  adjusted  for  longitude  to  the  place  of  operation. 
As  further  examples  we  may  incite  the  following  curves  of  Chart  25 
from  the  values  collected  on  Table  31. 

No.  1  is  the  typical  solar  magnetic  curve  already  found.  No.  2  is 
the  relative  frequency  of  the  occurrence  of  the  West  Indies  hurricanes 
for  the  years  1874-1893,  as  given  in  Table  31,  and  it  shows  a  tendency 
to  form  such  storms  along  with  the  increase  of  the  magnetic  impressed 
force.  No.  4  is  the  curve  of  the  relative  frequency  in  the  number  of 
high  and  low  centers  counted  on  the  International  Charts  for  1883 
and  1887.  It  displays  the  same  general  impulse.  Apparently  the 
entire  hemisphere  at  certain  dates  breaks  out  into  more  rapid  circula 
tion,  whereby  the  large  highs  disintegrate  into  smaller  parts,  and  the 
number  of  cyclonic  centers  is  at  the  same  time  increased.  From  the 
10305— No.  21 - 9 
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tabulations  of  the  positions  of  the  storms  tracks  of  the  United  States 
when  collected  in  the  26.68-day  period,  the  summary  in  curve  No.  3 
shows  a  tendency  to  produce  the  same  fundamental  curve  as  the 
magnetic  impulse. 

It  is  seen  from  the  foregoing  exposition  of  the  data  that  the  syn¬ 
chronism  between  the  magnetic  field  and  the  meteorological  elements 
persists  from  day  to  day,  in  short  and  in  long  periods,  and  under  a 
great  variety  of  geographical  conditions.  Reasons  have  been  given 
for  accepting  the  view  of  the  direct  solar  magnetic  action,  based  upon 
the  direction  of  the  impressed  vectors,  their  periodicity  in  a  rotation 
time  agreeing  with  that  of  the  sun  at  its  equator,  and  also  in  the 
11-year  period  of  the  sun-spot  frequency.  It  was  shown  that  the 
arguments  usually  accepted  as  decisive  against  direct  action  are  partly 
misconceived  by  reason  of  the  mistaken  identification  of  the  observed 
diurnal  variations  with  the  direct  polar  field  of  the  sun,  while  our 
exposition  shows  that  these  belong  to  the  electro-magnetic  field,  and 
not  to  the  direct  field  at  all.  Compare  the  argument  of  Chambers 
reviewed  in  Chapter  1,  page  17.  The  extreme  difficulty  of  assigning  to 
hypothetical  electric  currents  of  the  upper  atmosphere  such  sources 
and  activities  as  will  account  for  the  operation  of  the  magnetic  varia¬ 
tions  over  the  entire  earth  simultaneously  in  short  and  long  inrpulses, 
as  well  as  the  impossibility  of  transmitting  the  observed  changes  on 
the  earth  to  the  sun  in  order  to  explain  the  observed  operations  there, 
influences  us  to  advocate  the  direct  magnetic  action  of  the  sun  as  the 
cause,  while  the  atmospheric  currents  of  electricity  and  the  convectional 
currents  are  synchronously  dependent  upon  it.  There  is  no  disposition 
to  minimize  the  efficiency  of  the  tropical  iusolation  in  its  effects  upon 
the  atmosphere,  but  merely  to  supplement  it  with  such  forces  as  are 
called  for  by  known  facts,  in  order  to  explain  fully  the  entire  range 
of  the  phenomena  of  terrestrial  magnetism  and  meteorology. 


Chapter  6. 


SOLAR  MAGNETISM. 

THE  SOLAR  CORONAS  OF  JULY  29,  1878,  JANUARY  1,  1889,  DECEMBER  22, 

1889. 

Having  reviewed  the  material  at  our  disposal  analyzed  to  show 
tbe  variations  of  the  terrestrial  magnetic  field  and  the  synchronous 
changes  among  the  meteorological  elements  of  the  atmosphere,  it  is 
fitting  to  collect  such  evidence  as  we  possess  of  the  magnetic  state  of 
the  sun  itself.  The  strongest  line  of  argument  is  of  course  the  one 
traversed,  namely,  that  there  is  an  impressed  external  field  of  force 
within  the  earth’s  field  whose  representative  curve  is  periodic,  the 
period  agreeing  very  closely  with  the  well-known  visible  rotation  of  the 
sun’s  photosphere  at  its  equator.  The  explanation  of  the  inversion  of 
type  of  the  impressed  field,  to  be  taken  up  in  the  course  of  this  chapter, 
constitutes  the  most  uncompromising  evidence  in  favor  of  the  view  that 
the  direct  action  of  the  sun’s  magnetic  force  is  at  the  basis  of  the 
observed  variations  of  the  earth’s  magnetic  field,  other  than  the  diurnal 
variations  and  the  annual  changes  peculiar  to  these. 

It  is  proper  to  recall  that  this  investigation  had  its  beginnings  in  a 
study  of  the  rays  of  the  solar  corona,  visible  during  eclipses,  and  that 
the  proposition  then  was  to  explain  their  apparent  curvature  by  the 
equation  representing  the  lines  of  force  of  the  magnetic  field  surround¬ 
ing  a  spherical  magnet.  The  leading  results  will  be  mentioned  here, 
bat  without  the  details  contained  in  the  original  papers.*  On  charts 
26,  27,  28  are  seen  the  diagrams  of  the  coronas  of  the  eclipses  July  29, 
1878,  January  1, 1889,  December  22, 1889,  plotted  as  dotted  lines.  These 
eclipses  occurred  near  the  minimum  of  the  sun  spot  disturbances,  Chart 
30,  and  such  occasions  seem  to  be  the  only  ones  when  the  sun  is  suffi¬ 
ciently  quiet  to  exhibit  the  normal,  undisturbed  state  of  its  typical 
system.  Other  eclipses  give  very  confused  pictures  of  coronal  lines, 
and  are  unsuited  for  studying  the  problem  in  hand.  The  lines  appear¬ 
ing  on  a  photograph  of  the  corona  are  of  course  rifts  in  the  material 
surrounding  the  sun,  seen  projected  on  a  plane  perpendicular  to  the  line 
of  sight.  A  magnetic  solar  field  may  have  the  power  to  arrange  this 
material  approximately  along  the  lines  of  force,  just  as  is  the  case  with 
the  iron  fillings  used  in  tracing  out  a  field  around  a  steel  magnet. 

*  Compare  Amer.  Journ.  Sci.,  Nov.,  1890;  July,  1891.  Astron.  Soc.  Pac.,  No.  14, 
1891;  No.  16,  1891.  The  Solar  Corona.  Smithsonian  Institution,  1889. 
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Heavy  lines 
Doffed  lines 


~  Model  C 
—  Photograph  C! 


Chart  26. — Comparison  of  the  model  with  the  coronal  lines  for  the  eclipse,  July  29,  1878. 
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Hence,  these  visible  lines  can  be  employed  in  discussing  the  geometri¬ 
cal  system  thus  mapped  out.  The  dotted  lines  on  the  charts  simply 
reproduce  the  available  rifts  traced  on  the  negatives,  and  in  this  respect 
they  merely  stand  for  the  original  photographs  taken  during  the  eclipse. 

Equation  of  the  lines  of  force,  If  =  ^  ™ 


The  measured  line  is  that  projected  from  its  true  position  in  space  upon 
the  plane  through  the  center  of  the  sun,  perpendicular  to  the  line  of 
sight.  From  the  coordinates  (r.  8 .)  of  points  on  the  photograph  of  an 
individual  ray  we  compute  the  corresponding  values  on  the  ray  itself 
before  projected  from  the  original  plane,  which  makes  the  angle  a  with 
the  plane  of  projection. 

x  —  r  sin  8. 
y  =  r  cos  8. 


r  = 
sin2  8  — 


Vxi2+y2. 
x 2  _  x2 
r2  ~  x2+y2' 


As  a  first  approximation,  suppose  the  axis  of  the  sun  to  be  perpendicular 
to  the  ifiane  of  the  ecliptic,  so  that  the  projected  point  would  move 
across  the  disk  during  rotation  in  a  line  parallel  to  the  ecliptic. 

XY  =  true  position. 
r  sin  8  =  radius  of  revolution. 
x  =  X  cos  a  =  r  sin  6  cos  a. 

V  =  Y. 

_  87t  x2  _87r  r2sin2# 

—  3  *  (x2-\-y2y/ 2  —  3  *  (r2  sin 2 8  sec  2  a  -f  r2  cos 2 8) 3 /•/ 

Since  the  coordinates  (n  8X ),  ( r2  #2),  {r?>  #3)  are  assumed  to  belong  to 
the  same  line  of  force,  we  have, 

fVsin2#!  r2sin2#2 

(rx2  sin  28\  sec  V  +  >'2  cos  28x )3A  (r22  sin  282  sec 2 a  -f  r22  cos  28x )•/*' 

Take  for  abbreviation,  Xi  =  rx  sin  8X ;  X2  =  r2  sin  82 
Yx  =  rx  cos  ;  Y2  =  r2  cos  #2, 


sec  2  a 


4  / 

X,  3 


y;  -  y;  Xx 


Xx  ' 3  x!  —  x2  '3  Xj 


and  we  obtain, 


Table  32. — Computed  polar  distance  of  the  base  of  the  visible  rays  of  three  coronas. 
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If  0O  is  the  angular  distance  from  the  coronal  pole  at  which  the  ray 
reaches  the  surface  of  the  sun,  in  the  plane  making  the  angle  a  with  the 
plane  of  the  disk, 

a.  2  ,,  x1  sec 2 a 

Sim  0O  =  t — 2 - 5 - ; — 

0  (a?2  sec  la  -f  yly  ■-> 

The  detailed  results  of  the  computation  may  be  found  in  the  publica¬ 
tions  of  the  Astronomical  Society  of  the  Pacific  (Vol.  Ill,  IS’o.  16,1891). 
The  value  of  0O  for  each  measured  ray,  in  the  several  quadrants  of  the 
three  coronas  specified,  are  reproduced  in  Table  32.  An  inspection  of 
these  angles,  from  the  base  of  the  rays  to  the  poles  of  the  sun — more 
properly  to  the  pole  of  the  magnetic  system — shows  that  there  is  a 
remarkably  persistent  law,  according  to  which  these  rays  spring  from 
the  sun  in  a  narrow  belt  10°  or  15°  wide,  whose  central  circle  is  32°  38' 
polar  distance  for  these  coronas.  The  corona  bases  of  1889  are  on  the 
average  about  2°  nearer  the  poles  than  those  of  1378.  It  may  be 
observed  that  these  results  do  not  favor  the  view  that  the  base  of  the 
visible  coronal  rays  lies  within  the  sun-spot  belt.  Hence  any  theory 
depending  upon  that  supposition  must  draw  upon  other  observational 
data  than  that  immediately  under  consideration  for  its  support.  If  the 
confused  mass  of  rays,  usually  seen  along  the  equatorial  regions  of  the 
sun,  proceeds  from  lower  latitudes  than  the  coronal  belt,  as  they  should 
according  to  this  scheme  of  magnetic  lines  of  force,  then  their  individ¬ 
uality  is  lost  in  the  superposition  caused  by  the  optical  projection.  The 
massing  of  the  coronal  lines  in  the  well-known  four  quadrantal  pro¬ 
tuberances  is  naturally  explained  by  the  geometrical  distribution  here 
advocated ;  the  open  array  of  the  rays  in  the  polar  regions  is  also  like¬ 
wise  accounted  for  conformably  with  it.  Why  the  rays  should  develop 
separately  along  the  belt  indicated  is  not  understood.  The  analogy 
with  the  terrestrial  auroral  lines  is  very  plausible,  but  probably  mis¬ 
leading,  since,  according  to  the  exposition  in  an  earlier  chapter,  those 
were  due  to  the  action  of  a  permeable  shell  placed  in  an  external  field 
of  magnetic  force;  but  we  can  connect  the  sun  with  no  such  independ¬ 
ent  exterior  field. 

Continuing  the  detailed  computation  referred  to  in  the  paper  of  the 
A.  S.  P.,  it  was  found  that  the  poles  of  the  corona  appeared  to  be  4.5° 
from  the  sun’s  poles;  also  separated  by  about  100°  in  longitude,  the 
south  pole  preceding.  The  computation  in  the  same  paper  regarding 
the  period  of  rotation  proves  to  be  incorrect,  because  the  wrong  number 
of  revolutions  was  assumed  between  January  1  and  December  22, 1889. 
It  should  have  been  13  instead  of  12.  This  subject  may  be  taken  up 
again  some  time,  especially  if  another  satisfactory  photograph  of  the 
corona,  showing  separate  coronal  lines,  can  be  secured. 

A  model  of  the  coronal  streamers  was  now  constructed  from  this  data, 
by  inserting  wires  on  a  ball  5  inches  in  diameter  along  two  belts,  one 
m  either  hemisphere,  at  the  mean  polar  distance  of  33°,  measured  from 
two  points  taken  as  the  poles  of  magnetization.  These  are  located  5° 
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from  the  axis  of  rotation  of  the  ball,  the  lower  100°  in  advance  of  the 
upper.  The  wires  have  the  curvature  conforming  to  the  lines  of  force 
at  the  given  polar  distance  as  developed  from  the  ordinary  formula. 
The  ball  was  then  mounted  on  a  stand  whose  base  represents  the  plane 
of  the  ecliptic,  having  an  axis  inclined  at  7°  to  that  plane.  If  this  is 
in  reality  a  counterpart  of  the  sun’s  coronal  structure,  then  it  is  only 
necessary  to  locate  the  ball  in  agreement  with  the  relative  positions  of 
the  sun  and  the  earth  at  the  eclipse,  assuming  that  the  south  coronal 
pole  is  on  the  central  meridian  of  the  sun  at  the  beginning  of  the  periods 
of  the  26.68  day  ephemeris.  These  positions  of  the  sun  and  earth  can 
be  found  on  the  accompanying  Table  33  for  seven  eclipse  dates.  At 
any  date  corresponding  to  the  day  of  the  ephemeris  beginning  a  new 
period,  as  given  in  the  third  line  of  the  table,  the  south  coronal  pole 
should  be  central  on  the  sun  toward  the  earth ;  at  any  other  date  pro¬ 
portionately  advanced.  The  direction  of  the  earth  from  the  sun,  rela¬ 
tive  to  the  axis  of  rotation,  at  any  date  is  well  known  from  the  spherical 
triangle  K.  S.  E.  Hence  the  model  can  be  set  according  to  this  pro¬ 
visional  data  for  any  desired  epoch. 


Table  33. — Computation  of  the  longitudes  of  the  coronal  poles  at  seven  eclipses  hetiveen 

1878  and  1893. 


Tear. 

1878. 

1882. 

1883. 

Date  of  eclipse,  Gr.  M.  T . 

d  h  m 

July  29  9  23 

d  h  m 

May  16  19  42 

d  h  m 

May  6  9  45 

Do . 

Next  preceding  epoch . 

July  29.  39 
July  14.  26 

May  16.  82 
May  1.  32 

May  6.41 
Apr.  13.  46 

Elapsed  interval,  days . 

Elapsed  interval,  degrees . 

Longitude  of  sun . 

"Reduction  to  heliocentric  lonvitnde  . . 

15.  13 

o 

219.1 

112.2 

180.  0 

15.  50 

0 

224.  4 

41.3 

180.  0 

23.  95 

o 

346.8 

23.8 

180.  0 

Approximate  heliocentric  longitude  of  S.  coronal  pole  . . . 

161.3 

85.7 

190.6 

Approximate  heliocentric  longitude  of  X.  coronal  pole. . . 
Heliocentric  longitude  of  the  earth  at  the  eclipse . 

55.3 

339.7 

84.6 

306.  6 

236.3 

226.0 

Year. 

1886. 

1889. 

1889. 

1893. 

d  h  m 

d  h  m 

d  h  tn 

d  li  in 

Date  of  eclipse,  Gr.  M.  T . . 

Aug.  29  0  59 

Jan.  1  9  16. 

Dec.  22  0  53 

Apr.  16  2  27 

Do . 

Aug.  29.  04 

Jan.  1.  39 

Dec.  22.  04 

Apr.  16. 10 

Next  preceding  epoch . 

Aug.  22.  74 

Dec.  23.  50 

Dec.  5.  34 

Apr.  15.  60 

Elapsed  interval,  davs . 

6.  80 

8.89 

16.  70 

0.  50 

o 

0 

0 

0 

Elapsed  interval,  degrees . 

92.5 

128.  7 

241.8 

7.2 

Longitude  of  sun . 

150.0 

272.7 

254.1 

26.8 

Reduction  to  heliocentric  longitude . 

180.  0 

180.0 

180.0 

180.0 

Approximate  heliocentric  longitude  of  S. 

62.5 

221.4 

315.  9 

214.0 

coronal  pole. 

Approximate  heliocentric  longitude  of  N. 

316.5 

115.4 

209.9 

108.0 

coronal  pole. 

Heliocentric  longitude  of  the  earth  at  the 

836.0 

101.  7 

90.9 

206.8 

eclipse. 

This  was  accordingly  done  for  the  three  coronas  under  discussion ; 
then  the  model  was  projected  upon  a  screen,  and  the  lines  of  the  wires 
carefully  traced  on  paper.  Finally  these  projected  lines,  including  the 
poles  of  the  sun’s  axis,  earth’s  axis,  axis  of  ecliptic,  and  the  coronal 
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poles,  S.  E.  K.  0.  respectively,  were  superposed  upon  tlie  drawings  of 
the  eclipse,  previously  described  as  the  dotted  lines,  where  they  appear 
on  the  charts  26,  27,  28  as  heavy  solid  lines.  Of  course,  the  poles  K.  S. 
E.  are  located  with  no  uncertainty,  the  only  question  pertaining  to  this 
investigation  being  the  agreement  of  the  poles  C  C'  of  the  model  and 
photograph  resj)ectively.  These  are  given  as  double  lines,  and  it  may 
easily  be  seen  that  their  coincidence  under  three  such  diverse  conditions 
is  remarkable,  taking  both  hemispheres  into  consideration.  The  line  0 
is  the  axis  of  the  model,  located  by  computation  only  and  therefore 
mechanically  placed,  since  it  may  be  predicted  for  any  date,  according 
to  the  ephemeris.  The  line  C'  was  drawn  upon  the  eclipse  photo¬ 
graph,  and  it  is  that  line  to  which  the  central  polar  ray  is  apparently 
tangential,  allowing  a  balanced  curvature  of  the  other  rays  on  either 
side,  by  means  of  which  a  polar  point  was  selected,  and  from  which  all 
the  polar  angles  on  the  photograph  were  measured  with  the  engine  of 
the  Transit  of  Venus  Commission. 

An  intercomparison  of  these  three  charts  shows  a  conformity  in 
many  respects  between  the  model  and  the  photograph  of  the  corona 
which  is  interesting.  There  are  some  gaps  in  the  available  measured 
lines  of  the  photographs,  as  the  N.  W.  quadrant,  January  1, 1889,  and 
the  S.  E.  quadrant,  December  22, 1889,  where  the  density  of  the  light 
on  the  negative  was  too  continuous  to  trace  any  rifts.  Yet  on  the  whole, 
it  is  instructive  to  find  that  the  same  model,  constructed  on  a  definite 
geometrical  plan,  should,  by  merely  turning  it  into  positions  fixed  by 
astronomical  coordinates,  agree  even  to  this  extent  with  the  corona 
pictures.  This  is  especially  true  of  the  poles  C  O';  of  the  accumulation 
of  the  rays  to  the  right  or  left  of  the  axis  of  the  ecliptic  K;  and  finally 
of  the  trend  of  the  individual  rays.  One  can  be  easily  convinced  that 
this  couformity  is  not  accidental  by  changing  the  location  of  the  wires 
on  the  ball  or  by  changing  the  assumed  rotation  period  of  26.68  days. 

.  Concerning  the  corona  of  1893,  for  whose  position  I  made  a  prediction, 
published  in  Astronomy  and  Astrophysics  No.  119,  it  may  be  said  that 
the  photographs  of  that  eclipse,  kindly  loaned  by  the  Lick  and  the 
Harvard  College  observatories,  were  not  such  as  to  admit  tracing  out 
with  certainty  the  coronal  axis.  This  was  due  to  the  character  of  the 
corona  occurring  at  the  sun  spot  maximum,  when  the  force  producing 
the  rays  was  apparently  very  turbulent;  and  to  the  fact  that  the  rays 
were  much  burned  on  the  film  of  the  gelatine  dry  plate  near  the  disk, 
whenever  they  were  also  taken  at  a  distance  from  the  moon’s  disk.  It 
would  be  better  to  use  wet  plates  in  order  to  secure  the  same  ray  through 
a  long  radial  distance.  Composite  rays  are  not  adapted  to  accurate 
measurements  without  preliminary  adjustments,  which  must  be 
embodied  in  the  computations.  It  seemed  probable,  however,  on  exam¬ 
ination,  that  the  axis  of  the  corona  as  seen  at  the  eclipse  was  on  the 
side  of  the  axis  of  the  ecliptic  required  by  my  forecast,  but  the  asser¬ 
tion  could  hardly  be  ventured.  On  the  whole,  viewing  the  entire 
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outcome  of  this  corona  work,  it  seems  to  harmonize  well  with  the 
results  of  the  data  otherwise  derived,  hut  it  will  be  desirable  to  continue 
the  comparison  in  the  future  whenever  practicable 

THE  SUN  SPOT  AREAS  IN  THE  26.68  DAY  PERIOD. 

The  next  compilation  of  data  in  the  26.68  day  period  naturally  sug¬ 
gested  is  that  of  the  spotted  areas  on  the  sun,  in  order  to  discover  if 
there  is  any  tendency  to  produce  more  spots  on  some  meridians  than  on 
others.  The  observations  available  are:  Carrington’s  Observations  of 
the  Spots  on  the  Sun,  November,  1853,  to  March,  1861,  made  at  Redhill; 
Sporer’s  Beobachtungen  der  Sonnenflecken  zu  Anclam  und  Potsdam, 
January,  1861,  to  December,  1879;  The  Photographic  Results  of  the 
Greenwich  Observatory,  1878  to  1891;  some  other  minor  series  being 
omitted  in  this  discussion.  In  order  to  reduce  to  a  comparable  scale, 
certain  observations  taken  at  Washington,  1894-95,  were  made  the 
standard.  The  radius  of  the  sun’s  disk  was  42  mm.,  and  the  photograph 
contained  5,542  square  millimeters.  Expressing  results  in  to^oo  part 
of  the  visible  disk, 

1  square  millimeter  =  20  units  for  Washington. 

1  square  millimeter  =  50  units  for  Sporer. 

1  square  millimeter  —  20  units  for  Greenwich. 

1  square  millimeter  =  18  units  for  Carrington. 

The  overlapping  of  the  Sporer  observations  upon  the  Carrington 
series  at  one  end,  and  the  Greenwich  series  at  the  other,  permits  this 
comparison  to  be  made.  As  no  great  exactness  is  required  for  our 
present  purpose,  which  deals  with  relative  numbers  only,  the  work  was 
done  by  placing  a  fine  transparent  scale,  having  a  traced  network  of 
millimeter  squares,  upon  the  published  diagrams  of  Carrington  and 
Sporer  and  estimating  the  number  of  units  covered  bv  each  spot.  For 
the  Greenwich  results  a  catalogue  of  spots  was  constructed  from  which 
the  areas  were  computed.  The  work  now  consisted  in  identifying  the 
several  spots  on  the  sun  with  the  dates  of  the  solar  ephemeris,  assuming 
that  the  central  meridian  of  the  sun’s  disk  falls  upon  the  current  date 
of  that  calendar  system.  If  the  spots  did  not  happen  to  be  upon  the 
central  meridian  itself,  then  by  the  use  of  a  scale  the  diagrams  of  spots 
could  be  readily  assigned  to  the  proper  day  of  the  period.  Hence 
tables  were  constructed  for  the  years  1854  to  1891,  inclusive,  in  which 
each  observed  spot  was  entered  under  such  a  day  of  the  period  as  was 
indicated  by  the  26.68  day  ephemeris.  Each  year  was  then  summed  up 
by  itself,  and  the  total  spotted  areas,  in  units  of  the  part  of  the  disk,  is 
recorded  in  Tables  34  and  35.  The  spots  in  the  northern  hemisphere  of 
the  sun  were  kept  by  themselves,  and  those  in  the  southern  hemisphere 
by  themselves,  throughout  the  compilation.  The  sum  for  the  series  of 
years  is  at  the  bottom  of  the  tables,  and  shows  the  total  area  of  spots 
on  each  day  of  the  period;  the  sum  for  each  year  is  at  the  side  of  the 
table,  and  shows  the  total  spotted  area  during  each  entire  year.  Also 
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the  variations  by  days  on  the  mean  for  all  the  years  is  given  in  the 
lowest  line  of  the  tables.  Dividing*  these  variations  by  20,  the  curves 
on  chart  29  display  the  changes  from  day  to  day  in  the  period.  They 
are  plotted  in  connection  with  the  normal  type  curve  already  found 
from  the  study  of  the  terrestrial  magnetic  field,  so  that  the  curve  of 
spot  variations  for  the  southern  hemisphere  stands  under  the  direct 
type,  and  for  the  northern  hemisphere  under  the  inverse  type.  If  we 
admit  that  the  southern  spot  curve  has  a  slight  tendency  to  fall  to  the 
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Chart  29. — Comparison  of  the  total  sun-spot  areas.  1854-1891,  -with  the  normal  curve  of  the  26.68' 

day  period. 


right  of  the  direct-type  curve,  and  the  northern  to  the  left  of  the  inverse- 
type  curve,  it  will  be  seen  that  there  is  a  marked  conformity  between 
these  curves.  This  occurs  in  the  number  of  maxima  and  minima, 
which  is  the  same ;  in  the  mean  curvatures,  which  are  distinctly  inverted 
in  the  two  types,  and  in  the  fact  that  the  order  of  the  crests  is  precisely 
the  same  throughout  the  entire  curve.  Furthermore,  comparing  curves 
2  and  4,  and  making  the  suggested  correction  for  sidling  to  the  right 
and  the  left,  the  individual  crests  are  opposed  to  each  other  throughout 
the  traces. 
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Table  34. — Sun-spot  areas  distributed  in  the  26. 68-day  period. 


NORTHERN  HEMISPHERE. 


Year. 

i 

2 

3 

4 

5 

6 

7 

8  | 

9 

10 

12 

13 

1854 . 

2 

2 

22 

70 

17 

10 

9 

2 

9 

0 

28 

57 

5 

1855 . 

0 

0 

14 

23 

17 

0 

0 

25  ! 

0 

0 

0 

0 

0 

1856 . 

0 

6 

0 

0 

2 

0 

15 

70 

0 

2 

4 

0 

0 

1857 . 

70 

0 

0 

49 

10 

33 

35 

16 

16 

45 

50 

0 

30 

1858 . 

18 

52 

106 

119 

135 

112 

49 

18 

64 

65 

190 

152 

78 

1859 . 

74 

63 

77 

76 

59 

121 

78 

39 

82 

148 

36 

39 

102 

1860 . 

213 

104 

80 

220 

208 

83 

115 

138 

199 

150 

79 

98 

83 

1861 . 

25 

120 

90 

78 

208 

84 

174 

185 

85 

'  115 

115 

30 

41 

1862 . 

10 

80 

40 

10 

36 

85 

51 

95 

85 

135 

94 

28 

70 

1863 . 

26 

80 

10 

28 

19 

60 

57 

0 

30 

122 

185 

210 

140 

1864 . 

6 

0 

45 

20 

20 

87 

77 

120 

2 

1  34 

78 

110 

97 

1865 . 

2 

39 

42 

23 

57 

32 

43 

1  25 

62 

0 

25 

20 

47 

1866 . 

0 

20 

10 

0 

5 

20 

64 

5 

8 

5 

40 

12 

16 

1867 . 

0 

0 

0 

29 

0 

8 

6 

5 

5 

0 

0 

9 

0 

1868 . 

30 

55 

54 

119 

25 

35 

58 

95 

44 

18 

31 

9 

24 

1869 . 

120 

61 

65 

175 

83 

45 

100 

44 

40 

!  123 

101 

46 

87 

1870 . 

127 

210 

i  68 

120 

151 

165 

235 

135 

92 

!  65 

57 

18 

121  ’ 

1871 . 

123 

30 

!  28 

44 

60 

18 

84 

92 

65 

113 

74 

88 

74 

1872 . 

59 

55 

113 

148 

45 

123 

95 

140 

92 

314 

49 

53 

8 

1873 . 

,  30 

18 

107 

56 

20 

29 

20 

29 

159 

22 

111 

50 

0 

1874 . 

j  55 

10 

26 

87 

11 

58 

6 

2 

15 

65 

24 

57 

73  I 

1875 . 

1  45 

27 

3 

0 

12 

20 

0 

4 

18 

26  : 

2 

0 

22  | 

1876 . 

0 

0 

0 

6 

8 

7 

0 

2 

0 

4 

4 

30 

5 

1877 . 

30 

0 

0 

0 

4 

0 

0 

59 

30 

90 

30 

20 

0 

1878 . 

8 

10 

4 

0 

0 

0 

0 

5 

0 

0 

0 

12 

0 

1879 . 

3 

0 

5 

0 

0 

45 

31 

0 

2 

0 

15 

4 

0 

1880 . 

30 

6 

13 

36 

1 

1 

2 

52 

3 

1  52 

25 

177 

0 

1881 . 

120 

32 

70 

66 

12 

31 

85 

2 

36 

69 

43 

114 

|  83 

1882 . 

6 

17 

-  69 

38 

54 

22 

21 

206 

68 

2 

51 

58 

3 

1883 . 

8 

70 

74 

63 

1 

23 

33 

83 

3 

0 

11 

59 

23 

1884 . 

15 

77 

i  103 

89 

215 

194 

141 

163 

15 

47 

25 

78 

;  53 

1885 . 

172 

39 

1 

0 

11 

1 

7 

76 

202 

43 

75 

17 

7 

1886 . 

93 

6 

0 

0 

15 

2 

7 

7 

14 

i  28 

0 

10 

1  6 

1887 . 

1 

5 

12 

26 

18 

9 

0 

1 

4 

1 

1 

4 

2 

1888 . 

0 

0 

0 

4 

1 

15 

0 

3 

0 

19 

34 

0 

0 

1889 . . 

0 

o 

2 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1890  . 

0 

11 

60 

0 

13 

5 

7 

0 

1 

2- 

2 

41 

0 

1891 . 

81 

68 

5 

175 

28 

60 

24 

64 

67 

!  36  ! 

64 

24 

54 

Sum . 

1,602 

1,373 

1,518 

2,  001 

1,581  ! 

1,643 

1,  729  ! 

2,  007 

1,617 

1,960 

1,  753 

1,734 

1,354  | 

Variation.  ,.| 

-49 

—278 

-133 

+350 

—70 

—8 

+78 

+  356 

—34 

]+309  | 

+  102 

+83  i 

—297  j 

143 


Table  34. — Sun-spot  areas  distributed  in  the  26.68-day  period. 


NORTHERN  HEMISPHERE. 


t 

14 

15 

16 

17 

18 

» 

20 

21 

22 

23 

24  ( 

25 

26 

27 

Sum. 

3 

76 

20 

28 

20 

17 

53 

44 

34 

14 

12 

0 

22 

8 

584 

0 

0 

0 

0 

10 

ii 

0 

5 

0 

0 

14 

16 

0 

0 

135 

4 

25 

0 

0 

5 

0 

8 

9 

0 

36 

17 

5 

0 

0 

208 

19 

0 

0 

20 

2 

48 

39 

12 

0 

10 

52 

25 

33 

48 

662 

47 

30 

43 

80 

65 

145 

47 

25 

14 

87 

177 

62 

81 

4 

2,  065 

103 

140 

46 

44 

196 

161 

39 

.49 

|  50 

83 

30 

38 

36 

57 

2,  066 

63 

31 

154 

85 

154 

48 

117 

228 

1  142 

72 

,  159  1 

255 

m  , 

90 

3.  479 

1  50 

0 

155 

141 

10 

20 

39 

122 

100 

115 

105 

83 

31 

0 

2, 321 

100 

25 

120 

40 

8 

14 

30 

23 

43 

40 

52 

26 

160 

34 

1,  534 

16 

95 

20 

101 

50 

45 

90 

91 

75 

25 

55 

10 

125 

15 

1.780 

40 

60 

40 

0 

20 

32 

112 

42 

10 

40 

65 

100 

80 

32 

1,369 

20 

0 

124 

66 

50 

15 

39 

50 

77 

219 

;  67 

41 

59 

29 

1,  273 

0 

0 

23 

10 

15 

14 

23 

23 

14 

19 

10 

0 

38 

25 

419 

0 

32 

40 

0 

30 

8 

0 

18 

39 

70 

0 

0 

6 

0 

305 

CO 

146 

30 

50 

18 

0 

15 

35 

60 

10 

40 

23 

43 

8 

1, 135 

118 

75 

94 

110 

140 

63 

90 

170 

68 

93 

91 

20 

15 

96 

2,  333 

108 

130 

65 

i  82 

57 

105 

106 

233 

100 

57 

190 

230 

103 

126 

3,  256 

114 

!  95 

160 

1  82 

129 

54 

25 

46 

63 

80 

101 

217 

87 

95 

2,  241 

58 

69 

134 

!  65 

169 

109 

33 

125 

172 

125 

140 

110 

61 

110 

2,874 

12 

70 

25 

57 

63 

57 

23 

6 

56 

76 

6 

22 

65 

58 

1,247 

38 

T 

5 

40 

4 

6 

38 

2 

46 

31 

20 

28 

24 

34 

812 

0 

41 

37 

1 

6 

12 

4 

0 

20 

27 

14 

2 

17  ! 

18 

378 

2 

2 

0 

0 

22 

0 

0 

0 

4 

0 

10 

7 

o  i 

5 

118 

0 

0 

0 

35 

0 

4 

40 

0 

15 

0 

0 

0 

o  s 

30 

387 

0 

0 

0 

3 

0 

•  0 

0 

0 

0 

0 

0 

0 

o ; 

0 

42 

2 

3 

0 

0 

20 

0 

0 

0 

0 

0 

0 

3 

0 

5 

138 

5 

79 

0 

171 

46 

148 

1  22 

16 

21 

0 

17 

50 

0  j 

2 

975 

32 

33 

88 

45 

128 

38 

36 

i  HI 

85 

106 

65 

53 

81  j 

93 

1,  757 

23 

322 

43 

38 

160 

97 

!  48 

1  43 

8 

98 

47 

28 

152 

43 

1,  765 

35 

31 

31 

15 

106 

|  89 

!  80 

21 

1  33  : 

34 

25  i 

90 

17 

178 

i  1, 236 

63 

106 

148 

8 

1  91 

i  42 

1  69 

90 

207  ' 

59 

137 

41 

134  | 

34 

2,444 

0 

23 

9 

7 

106 

48' 

12 

61 

32 

3 

16 

16 

74 

30 

1,088 

25 

8 

4 

11 

4 

0 

0 

0 

0 

2 

0 

32 

0 

0 

274 

0 

7 

6 

0 

1 

i  37 

29 

0 

6 

0 

1 

0 

10 

15 

196 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

24 

0 

0 

0 

103 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

7 

0 

16 

8 

19 

0 

16 

0 

3 

3 

3 

0 

1 

0 

0 

0 

3 

198 

16 

11 

|  54 

32 

32 

29 

75 

31 

23 

29 

77 

52 

61 

201 

1,473 

1,187 

1,794 

1, 718 

1,  483 

1,937 

1,  519 

1,  384 

1,734 

1,617 

1.561 

1,826 

1.685 

1,733 

1,  526 

44,  576 

-464 

+  143 

+67 

—  168 

+286 

-132 

— 267 

+83 

M 

—90 

1+175 

+  34 

+82 

—125 

1,651 

144 


Table  35. — Sun-spot  areas  distributed  in  the  26. 68-day  period. 
SOUTHERN  HEMISPHERE. 


Tear. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

n 

•12 

13 

1854 . 

0 

3 

0 

4 

5 

43 

65 

12 

6 

4 

0 

0 

1 

1  0 

1855 . 

10 

20 

0 

0 

0 

5 

0 

8 

0 

0 

12 

80 

110 

1856 . 

0 

0 

0 

0 

8 

6 

0 

0 

0 

25 

0 

0 

15 

1857 . 

0 

0 

20 

25 

0 

0 

66 

56 

14 

0 

15 

58 

23 

1858 . 

33 

90 

5 

27 

12 

25 

26 

13 

0 

109 

12 

66 

37 

1859 . 

297 

145 

82 

113 

153 

83 

120 

126 

138 

70 

64 

41 

46 

1860 . 

115 

90 

114 

106 

82 

144 

119 

40 

101 

190 

56 

96 

1  55 

1861 . . 

0 

40 

15 

35 

0 

8 

102 

74 

165 

70 

45 

75 

:  123  1 

1862 . 

35 

77 

193 

131 

93 

0 

39 

55 

18 

40 

78 

21  . 

53 

1863 . 

60 

71 

100 

30 

41 

25 

40 

0 

0 

45 

67 

67 

20 

1864 . 

0 

56 

142 

156 

152 

0 

110 

98 

0 

5 

45 

55 

15 

1865 . 

25 

10 

40 

6 

17  1 

1  0 

42 

54 

10 

5 

23 

40 

95 

1866  . 

0 

2 

15 

0 

14 

30 

2 

9 

29 

i  25 

0 

8 

0 

1867 . 

0 

0 

0 

28 

8 

0 

0 

0 

0 

10 

10 

2 

6 

1868 . 

0 

106 

32 

43 

91 

53 

15 

30 

100 

12 

19 

34 

47 

1869 . 

25 

40 

50 

113 

103 

117 

179 

72 

65 

100 

90 

107 

135 

1870 . 

110 

93 

90 

138 

66 

23 

113 

177 

157 

130 

86 

209 

135 

1871  . 

81 

42 

80 

144 

60 

112 

91 

83 

68 

60 

24 

76 

137 

1872 . 

60 

60 

62 

117 

135 

107 

229 

119 

18 

103 

70 

37 

64 

1873 . 

36 

92 

68 

55 

27 

85 

92 

55 

28 

25 

4 

81 

7 

1874 . 

48 

60 

25 

63 

23 

25 

5 

105 

4 

56 

40 

4 

50 

1875 . 

0 

4 

22 

18 

4 

0 

0 

4 

8 

4 

0 

8  1 

76 

1876 . 

35 

16 

18 

65 

38 

9 

4 

8 

0 

8 

31 

8 

12 

1877 . 

5 

0 

0 

0 

0 

0 

5 

0 

12 

4 

1  28 

10 

2 

1878 . 

0 

9 

15 

15 

0 

4 

31 

0 

0 

17 

15 

30 

0 

1879 . 

6 

10 

10 

17 

15 

6 

1  18 

3 

9 

5 

2 

0  1 

0 

1880 . 

4 

0 

2 

42 

24 

4 

0 

13 

74 

3 

0 

25  | 

1 

1881 . 

27 

73 

46 

19 

26 

36 

35 

30 

0 

1 

0 

11 

47 

1882 . 

32 

10 

44 

31 

100 

2 

95 

3 

34 

1  92 

48 

35 

46 

1883 . 

52 

150 

136 

66 

64 

196 

39 

275 

39 

26 

95 

57 

70 

1884 . 

6 

16 

19 

91 

49 

6L 

65 

19 

18 

84 

90 

43 

81 

1885 . 

129 

63 

50 

24 

18 

102 

97 

85 

29 

58 

59 

18 

151 

1886 . 

57 

16 

13 

106 

12 

4 

5 

9 

1 

3 

10 

4 

3 

1887  . 

11 

33 

32 

7 

3 

80 

0 

5 

0 

0 

1 

1 

1 

1888 . 

4 

2 

6 

8 

0 

21 

22 

1 

4 

0 

0 

7 

0 

1889 . 

o 

6 

0 

1 

0 

0 

7 

0 

6 

0 

0 

34 

20 

1890 . 

2 

6 

12 

12 

4 

87 

6 

0 

0 

0 

0 

1 

0 

1891 . 

2 

102 

9 

9 

11 

60 

3 

9 

22 

6 

6 

44 

67 

Sum . 

1,307 

1,613 

1,567 

1,  865 

1,458 

1,  563 

1.887 

1,650 

1, 175 

1,395 

1, 145 

1,493 

—198 

1,750 

V ariation . . . 

—384 

-78l 

—124 

(-174 

—233  | 

—128 

+196 

— 41 

—516 

-296 

—546 

+59 

145 


Table  35. — Sun-spot  arms  distributed  in  the  26.68- day  period. 
SOUTHERN  HEMISPHERE. 


14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

|  26 

27 

Sum. 

0 

6 

25 

0 

0 

0 

3 

0 

0 

51 

7 

4 

0 

0 

238 

15 

0 

0 

8 

0 

0 

3 

10 

0 

9 

0 

0 

0 

12 

302 

4 

0 

0 

0 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

66 

30 

50 

10 

0 

8 

56 

8 

97 

0 

68 

1  47 

0 

0 

20 

671 

55 

25 

28 

15 

14 

37 

57 

16 

15 

10 

9 

30 

38 

8 

812 

112 

111 

60 

120 

50 

39 

112 

45 

134 

67 

192 

82 

89 

94 

2,  785 

98 

367 

153 

210 

115 

101 

163 

105 

150 

100 

160 

210 

96 

42 

3, 378 

78 

160 

50 

35 

12 

76 

136 

158 

28 

105 

79 

108 

76 

86 

1,939 

37 

8 

51 

0 

28 

76 

153 

81 

45 

40 

61 

j  79 

138 

81 

1,  711 

20 

32 

52 

35 

5 

118 

10 

35 

225 

132 

57 

22 

90 

73 

1,  472 

37 

42 

40 

25 

0 

90 

45 

68 

80 

15 

35 

20 

55 

0 

1,386 

55 

55 

50 

62 

65 

25 

0 

0 

0 

25 

0 

20 

8 

0 

732 

22 

0 

2 

24 

26 

36 

12 

0 

0 

20 

0 

0 

15 

3 

294 

0 

30 

44 

38 

16 

20 

0 

0 

5 

20 

20 

16 

10 

0 

283 

90 

60 

50 

1  80 

120 

55 

81 

110 

20 

95 

85 

38 

10 

56 

1, 532 

124 

87 

83 

0 

132 

90 

58 

77 

88 

23 

61 

155 

196 

232 

2, 602 

147 

179 

155 

157 

88 

132 

128 

110 

128 

60 

162 

175 

172 

57 

3,  377 

199 

197 

56 

91 

119 

60 

97 

129 

105 

111 

85 

|  90 

51 

25 

2,473 

76 

64 

120 

92 

60 

212 

167 

108 

155 

99 

104 

40 

62 

55 

2,  595 

7 

48 

36 

76 

44 

33 

56 

20 

35 

14 

137 

206 

43 

8 

1,418 

3 

72 

0 

36 

92 

40 

59 

23 

71 

30 

50 

24 

28 

18 

1,054 

13 

6 

26 

4 

0 

20 

2 

0 

0 

29 

0 

31 

9 

0 

286 

12 

15 

15 

4 

5 

8 

0 

0 

0 

0 

2 

0 

9 

6 

319 

35 

10 

0 

23 

0 

2 

0 

0 

20 

15 

30 

0 

45 

0 

246 

0 

10 

10 

0 

0 

0 

0 

0 

0 

0 

0 

0 

9 

0 

156 

0 

17 

2 

12 

22 

0 

0 

0 

0 

0 

0 

2 

2 

0 

158 

24 

14 

66 

102 ; 

98  j 

0 

10 

23 

1 

23 

0 

3 

53 

8 

617 

96 

83 

19 

23  | 

114 

18 

24 

7 

57 

46 

60 

9 

16 

19 

942 

145 

7 

194  i 

1  113 

76  j 

132 

160 

126 

125 

15 

26 

72 

134 

12 

1,909 

150 

102 

26 

267 

29 

156  1 

221 

44 

252 

234 

102 

29 

219 

38 

3, 134 

28 

113 

14 

15 

59 

74  1 

71 

71 

139 

41 

10 

9 

26 

59 

1,371 

38 

96 

72 

2 

82 

31  1 

55 

72 

11 

30 

105 

167 

466 

166 

2, 276 

7 

111  1 

42 

53 

19 

83  1 

102 

221 

85 

96 

71 

3 

10 

13 

1,159 

l 

9 

42 

35 

1 

7 

17 

34 

70 

8 

25 

0 

2 

104 

529 

0 

4  1 

9 

20 

35 

17 

1 

55 

22 

68 

0 

1 

0 

0 

307 

14 

11 

0 

0 

•  n 

35  i 

6 

50 

52 

0 

4  1 

0 

7 

7 

271 

0 

0 

0 

1 

2 

0 

0 

1  | 

30 

14 

20 

9 

0 

6 

204 

7 

70  | 

26 

5 

1  I 

8 

0 

7  1 

13  I 

123 

12  I 

9  1 

24 

0 

646 

1, 779 

2,271 

1,628 

1, 783 

1,556 

1,887 

2,  017 

1,903 

2,161 

1,836 

1,818 

1,  645  | 

2,190 

1,308 

45,  650 

+88 

+580 

—63 

+92 

—135 

+196 

+326 

+212  |+470 

+  145 

+  127 

— 46 

+499  [ 

1 

-383 

1,691 

10305— No.  21 - 10 


146 


When  this  result  was  first  obtained,  I  hoped  to  find  in  it  a  clew  to 
the  law  of  the  inversion  of  the  type  curve  detected  in  the  earth’s  field, 
but  a  persistent  study  of  the  possible  physical  relations  of  such  curves 
to  positive  and  magnetic  fields  failed  to  disclose  any  rational  explana¬ 
tion  of  the  connection  along  these  lines,  and  this  phenomenon  is  there¬ 
fore  left  to  stand  by  itself  for  what  it  is  worth.  It  is  certainly  a 
remarkable  coincidence,  if  in  reality  it  is  nothing  more.  There  may  be 
some  reason  in  the  physics  of  the  sun  why  the  spots  tend  to  form 
along  the  several  meridians,  with  excess  and  defect  on  the  same  merid¬ 
ian  in  the  opposite  hemispheres,  due  to  the  so-called  positive  and 
negative  magnetism,  but  no  definite  suggestion  is  here  advanced. 
Eegarding  the  sidling  to  the  right  and  left  there  is  more  to  be  said, 
because,  as  already  shown,  the  south  coronal  pole  appears  to  stand  a 
quadrant  in  advance  of  the  northern,  so  that  the  magnetic  meridians 
should  be  drawn  downward  and  to  the  right  across  the  disk,  causing 
southern  spots  to  be  in  advance  and  northern  behind  the  point  where 
the  magnetic  meridian  crosses  the  solar  equator.  This  also  is  stated 
merely  as  a  suggestion  available  in  a  further  study  of  this  curious 
question.  Of  the  main  fact  there  seems,  however,  to  be  no  doubt, 
namely,  that  a  distinct  tendency  exists  to  form  spots  more  frequently 
or  larger  on  certain  meridians  than  on  others,  and  that  the  representa¬ 
tive  curve  conforms  very  closely  to  the  typical  curve  of  the  26.68-day 
period. 

THE  VARIATIONS  OF  LATITUDE  IN  CHANDLER’S  PERIOD. 

The  relative  numbers,  taken  year  by  year,  also  require  a  few 
remarks.  They  show  the  sun-spot  frequency  on  the  scale  adopted 
above.  If  we  extract  from  Jahrbuch  der  Astronomie  u.  Geophysick, 
III,  1892,  p.  14,  the  relative  sun-spot  numbers  of  Wolf,  for  the  years 
1830  to  1892,  and  supplement  them  with  those  given  in  Terrestrial 
Magnetism ,  Yol.  1,  No.  3,  p.  150,  the  annual  numbers  yield  the  well- 
known  curve  given  on  chart  30.  The  second  curve  of  the  same  is 
jdotted  from  the  numbers  of  Tables  34  and  35.  It  shows  a  little  less 
clearly  the  tendency  to  superpose  a  2f-year  period,  already  mentioned 
in  the  preceding  chapter,  upon  the  11-year  period.  The  third  curve  is 
derived  from  Chandler’s  formula  for  the  secular  variations  of  the  lati¬ 
tude  of  the  earth’s  pole  of  rotation,  as  deduced  from  his  discussion  of 
the  variations  of  declination  of  star  places,  during  the  past  century. 
The  formula  is  cp — cpn= — 0.10"  cos  (£-1830)  30°,  and  it  gives  maxima 
in  1836,  1848,  1860,  1872,  1884,  1896,  with  minima  in  1842,  1854,  1866, 
1878,  1890. 

I  am  not  in  a  position  to  judge  how  reliable  the  factor  30°  is,  upon 
which  the  recurrence  of  the  maxima  and  minima  depends.  Inasmuch 
as  Chandler’s  observational  data  are  of  greater  value  since  the  year 
1830,  and  of  less  accuracy  in  the  eighteenth  century,  the  evident 
agreement  of  the  sun-spot  curve  with  the  latitude  curve  for  half  a 
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;  century  is  suggestive  of  some  physical  connection.  If  the  30°  were  to  be 
better  replaced  by  31.5°,  then  the  curves  will  coincide  for  an  immense 
i  length  of  time;  as  it  is,  they  will  run  off  and  coincide  again  in  20 
i  periods,  225  years.  Now,  since  the  proposed  explanation  of  Chandler’s 
H  secular  12-year  period  of  latitude  variations  does  not  show  how 
I  this  synchronism  can  occur,  it  may  be  remarked  that  the  physical 
.  properties  of  the  solar  magnetic  field  developed  above  are  entirely  in 
favor  of  such  a  terrestrial  effect  as  the  one  found  in  astronomical 
|,  observations.  For  if  the  magnetic  field  in  the  neighborhood  of  the 
1  earth  increases  in  strength  with  the  sun-spot  period,  which  is  unques- 
i,  tioned,  then  the  earth,  being  immersed  in  it,  will  be  subject  to  propor- 
i  tionally  stronger  couples,  tending  to  bring  the  axis  of  its  magnetization 
L  parallel  to  the  mean  direction  of  the  external  field.  As  this  is 
I  opposed  by  the  forces  producing  procession  and  mutation,  we  have  the 
resulting  swing  of  the  earth’s  axis  of  rotation  relatively  to  some  nor- 


Chart  30. — Comparison  of  the  sun-spot  frequencies  with  Chandler’s  long-period  latitude  variation. 


mal  fixed  direction.  If  the  Chandler  period  can  be  reduced  to  agree 
i  with  the  sun-spot  period,  this  conclusion  will  be  decidedly  the  best 
1  explanation  of  the  phenomena.  A  computation  from  astronomical 
data  of  the  force  required  for  this  effect  may  also  afford  another 
determination  of  the  strength  of  the  solar  magnetic  field  outside  the 
tj  earth. 

THE  LAW  OF  THE  INVERSION  OF  THE  NORMAL  TYPE  CURVE. 

The  next  problem  to  consider  is  the  law  of  the  phenomenon  of  inver- 
o  sion  of  the  normal  type  curve,  which  has  been  shown  to  have  an  inti¬ 
mate  connection  with  the  position  of  the  trace  of  the  sun’s  axis  of 
rotation  upon  the  plane  of  the  ecliptic.  The  direct  type  prevails  when 
h  the  earth  is  in  the  quadrants  whose  centers  are  parallel  to  this  trace, 
and  the  inverse  type  in  the  quadrants  whose  centers  are  perpendicular 
to  the  plane  of  the  sun’s  axis — the  former  therefore  central  March  6 
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and  September  6  at  right  angles  to  the  nodes  of  the  sun’s  equator,  the 
latter  central  June  5  and  December  5,  upon  the  line  of  these  nodes. 
This  conclusion  depends  solely  upon  the  validity  of  the  26.68-day  ! 
eplieineris,  the  correctness  of  the  normal  curve,  and  a  careful  matching 
of  it  with  the  observations  of  the  terrestrial  magnetic  and  meteorolog¬ 
ical  elements  recorded  in  each  period. 

The  solution  is  approached  by  analyzing  the  lines  of  force  of  a  dis¬ 
tant  spherical  magnet  whose  axis  coincides  with  that  of  the  sun’s  axis 
of  rotation,  the  positive  pole  being  to  the  northward  of  the  plane  of 
the  ecliptic.  An  isolated  positive  magnetic  unit  mass  is  assumed  as 
die  exploring  point,  which,  if  free  to  move,  will  traverse  the  lines  of 
force  from  the  north  side  to  the  south  side  of  the  ecliptic,  and  thus 
reach  the  earth  upon  its  northern  hemisphere.  The  same  unit  mass 
would  trace  the  course  of  the  lines  in  the  earth’s  magnetic  field  from 
the  southern  into  the  northern  hemisphere — that  is,  in  the  opposite  ; 
direction  to  the  sun’s  lines.  In  order  to  draw  the  line  or  tube  that 
leaves  the  sun  and  finally  embraces  the  earth  at  a  given  instant,  or 
would  contain  the  earth  constantly  if  the  rotation  of  the  sun  was  of 
the  period  365.25  days,  we  have  the  formula, 


or  regarding  the  moment 

M  =  VI  =  ±7t  R3 1  =  unity, 

for  a  type  diagram, 

r  ' 

For  the  determination  of  the  constant  R, 

R  =  radius  of  the  sun  _  1 

r  =  the  distance  of  the  earth  ~  214.4 

Hence,  for  R  =  1,  6  =  90°  and  r  =  214.4,  N  =  0.02936. 

To  complete  points  along  the  line  N : 


9 

Log  sin2  9. 

Log  r. 

r. 

0 

0 

10 

18. 47934 

0.  81056 

6.5 

20 
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1.  39932 
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30 
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1. 72916 
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40 
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1. 94736 
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. 

50 

19. 76850 

2. 09972 

125.8 

60 

19.  87506 

2. 20628 
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70 

19. 94598 

2.  27720 

189.  3 

80 

19.  98670 

2.31792 

207.9 

90 

20.  00000 

2. 33122 
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The  points  plotted  from  these  coordinates  (r.  0)  in  eacli  quadrant 
produce  the  curve  of  chart  32  from  the  center,  O,  and  this  system  of 
magnetic  ovals  shows  the  curvature  of  the  lines  in  space  between  the 
sun  and  the  earth.  The  length  of  these  lines  between  the  sun  and  the 
earth  is  92,834,000  miles  multiplied  by  f,  or  139,251,000  miles,  as  cau 
be  found  by  integrating  the  curve  from  0°  to  90°,  for  N,  r,  given  above. 
The  transmission  of  magnetic  energy,  therefore,  is  along  a  path  three- 
halves  the  length  of  that  of  the  linear  electro  magnetic  radiation  for 
the  force  affecting  the  earth.  Of  course  the  interplanetary  spaces  are 
filled  with  the  same  kind  of  energy,  decreasing  in  intensity  from  the 
sun  outward  in  the  ratio  of  the  inverse  cube  of  the  distance,  and  it  is 
therefore  considerably  greater  in  the  neighborhood  of  the  planets  Venus 
and  Mercury. 

Since  the  axis  of  the  sun,  S,  is  inclined  to  the  axis  of  the  ecliptic,  K, 
at  the  angle  7°,  and  as  before  indicated  the  pole  of  the  corona  is  located 
at  5°  from  the  sun’s  poles,  the  result  follows  that  in  the  course  of  the 
year  the  earth  occupies  points  along  the  curve  (r.  6)  from  0°  to  about  12° 
each  side  of  the  longest  diameter  of  the  ovals.  To  compute  the  angles 
at  which  these  solar  lines  approach  the  earth,  in  extreme  positions,  we 
may  take  for  illustration  radii  making  the  angles  10°  from  the  diame¬ 
ter.  The  components  of  magnetic  force  emanating  from  a  close  doublet 
are — 


PA =2  M 


cos  6 


PB  =  M 


sin  6 


along  the  radius. 


perpendicular  to  the  radius. 


PC=resultant  force,  whose  direction  is  required,  being  the  tangent 
to  the  oval  at  P.  (Chart  32.)  Constructing  a  close  doublet  AB  (Chart 
31),  the  demonstration  proceeds  as  there  written,  following  J.  J.  Thom¬ 
son,  Elements  of  Electricity  and  Magnetism. 


r 
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RESOLUTION  OF  FORCES  IN  A  DOUBLET. 

e 


Along  AP=  + 


Along  BP: 


,  COS  0  o  COS  0  „  -XI 

=4  a  e  — -  =  2  M  -  —  approximately. 

Along  PD=  —  sin  APO  +  —  sin  BPO. 

n2  •  r22 

1  a  sin  0  -f-  —  a  sin  0. 


=  z  a  csm 


M  8*n  ^  approximately. 


cos  APO  =  cos  BP0=1  for  small  angle. 

AE _ a  sin  0 

sinAPO  =  ”A„ - 

AP  ri 

AP  =  OP — AO  cos  0. 
ri=r  —  a  cos  0. 

rP=r't — 2  a  r  cos  0  +  a2  cos2  0. 

— = —  +  —  cos  0  approximately. 
r  i2  r2  r3 


cos  0  approximately. 


1 

?*22  r2  r'! 

Then  Gauss’s  theorem  becomes  (chart  32), 


.  .  TN  PB  M  sin  6  r3  .  ,  „  TN 

tan  <z>=tan  OPT=— — =— — = - - — *  — — : - —  h  tan  6= - • 

PN  PA  r3  2  M  cos  6  “  2  ON 


PN=  2  ON.  OP=3  ON. 

As  this  relation  holds  constantly  on  the  curve  whose  coordinates  are 
r  0y  a  graphic  construction  is  effected  by  taking  ON=^  r,  drawing  a 
perpendicular  from  N  upon  OT,  and  joining  PT,  which  is  the  tangential 
direction  required.  Since  the  angle  cp  rotates  through  180°  while  6 
changes  90°,  the  curvature  of  the  oval  is  rapid. 

For  #=80°,  tan  0=5.6713,  tan  cp=  2.8357,  cp= 70°  34'=  OPT.  OPD 
=100°,  and  TPD=29°  26'.  Similarly  other  angles  for  assumed  values 
of  6  may  be  found.  The  direction  of  the  radius  of  curvature  at  any 
point  is  obtained  by  drawing  from  F,  where  PF=£  PO,  a  perpendicular 
upon  the  diameter  at  E,  and  connecting  PE ;  then  the  length  of  the 
radius  of  curvature  is  found  by  the  usual  formula.  It  is  preceived 
that  at  the  opposite  points,  PP1,  our  exploring  magnetic  mass  runs  par¬ 
allel,  and  therefore  the  lines  of  the  solar  field  at  these  points  are 
directed  parallel  to  each  other,  making  thus  an  angle  of  about  30° 
with  the  direction,  PD,  of  the  axis  of  polarization. 


Chart  32. — Application  of  Gauss’s  theorem  to  the  construction  of  a  magnetic  oval  at  the  point,  r=208, 

0=80°. 
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Now  consider  the  actual  relations  between  the  sun  and  the  earth. 
Let  K=pole  of  ecliptic,  S=pole  of  the  sun,  E=pole  of  the  earth,  in  the 
astronomical  triangle  at  the  center  of  the  sun  on  Chart  33.  EKS  is 
turned  upward  through  a  right  angle,  about  KS,  into  the  plane  of  the 
paper  for  convenience  of  drawing.  The  following  well-known  angular 
relations  exist: 


F  =  angular  distance  between  the  sun’s  equator  and  the  earth’s  equator. 
D  =  angular  distance  between  the  sun’s  equator  and  the  ecliptic. 

EOK  =  G  =  angle  at  O  between  poles  K  and  E. 

KOS  =  H  =  angle  at  O  between  poles  K  and  S. 
tan  F  =  tan  g?  sin  O.  ✓ 

sin  D  =  sin  I  sin  (© — N).  For  F  and  D, +=  south ;  —  =  north, 

tan  G  =  tan  go  cos  ©. 

tan  H  =  tan  I  cos  (O — N).  For  H  and  G,  -f-  =  east;  — ==west. 


1  =  7°  15'.  N  =  74°0'.  g?  =  23c27'. 


Values  of  H  G  D  F. 


Date. 

H 

G 

D 

F 

Date. 

H 

G 

D 

F 

January  1 . 

February  1 . 

March  1 . 

April  1 . 

May  1 . 

Junel . 

o  / 

—6  28 
—3  49 
-0  25 

3  22 

6  5 

7  14 

0  / 

4  41 
16  19 
22  16 
23  2 
18  10 

8  4 

o  / 

—3  16 
—6  10 
—7  14 
—6  26 
—3  57 
—0  23 

o  / 

—23  4 
—17  45 
—  8  10 

4  57 
15  30 
22  17 

July  1 . 

August  1 . 

September  1 . . . . 

October  1 . 

November  1 . . . . 
December  1  . . . . 

o  / 

6  32 

4  9 

0  38 
—3  0 
—5  58 
—7  14 

o  / 

—  4  8 
—15  20 
—22  3 
—23  14 
—18  36 

—  8  42 

o  / 

3  8 

5  57 

7  13 

6  37 

4  9 

0  35 

o  / 

23  10 
18  35 
8  50 
-  3  35 
—15  18 
—22  5 

In  the  course  of  the  revolution  of  the  earth  about  the  sun  KS  is 
seen  under  the  varying  angle  H,  whose  maximum  is  7°  15' ;  KE  is  seen 
under  the  varying  angle  G,  whose  maximum  is  23°  27',  and  SE  is  seen 
under  the  varying  angle  (H  -f  G),  whose  maximum  is  26°  20'.  Viewed 
from  the  earth  on  June  5  and  December  5,  (H  +  G)  =  (7°  +  8°)  =  15°; 
and  from  the  earth  on  September  6  and  March  6,  (H  +  G)  =  22°.  On 
the  former  dates  our  sight  line  is  perpendicular  to  the  plane  KOS;  on 
the  latter  it  is  in  the  plane  KOS.  These  are  two  extreme  positions  to 
which  our  exposition  may  be  limited,  other  dates  being  proportionally 
related  to  them. 

According  to  our  supposition,  OS  represents  the  mean  position  of 
the  axis  of  the  coronal  field  during  one  rotation  of  the  sun  on  its  axis, 
and  it  will  therefore  be  temporarily  taken  for  the  axis  of  magnetization 
of  the  sun.  Constructing  the  magnetic  ovals  for  March  6  and  Septem¬ 
ber  6,  and  conceiving  the  same  system  to  be  rotated  about  the  axis 
OS,  through  90°  for  the  dates  June  5  and  December  5,  the  plane  of  the 
ovals  for  these  dates  is  represented  on  the  diagram  by  the  trace  OS, 
and  the  curvature  involving  the  earth  is  that  of  the  ovals  near  the 
extremity  of  the  diameter.  Throughout  the  motion  of  the  earth  in 
the  orbit  its  mean  magnetic  axis  may  be  taken  to  coincide  with  the 
axis  of  rotation,  for  the  mean  of  the  24-hour  components  employed  in 

Chart  33. — Relation  of  the  lines  of  the  magnetic  ovals  to  the  earth’s  axis  at  four  points  in  the  orbit. 
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the  computation — that  is,  the  average  composition  of  the  forces  acting 
on  the  earth  during  twenty-four  hours — lies  in  lines  always  parallel  to 
OE  in  its  true  spacial  position.  The  components  at  the  earth  may  be 
resolved  into  KEx  and  EE^  The  component  EEi  at  the  earth  is  express¬ 
ive  of  the  facts  that  all  magnetic  lines  are  perpendicular  to  the  plane 
of  the  ecliptic  except  in  the  planes  passing  through  the  center  of  the 
sun,  and  that  these  external  lines  fall  upon  the  earth  primarily  at  22° 
from  its  axis  of  rotation.  The  phenomenon  of  distortion  by  a  permea¬ 
ble  shell  is  omitted  here  from  consideration;  the  axis  of  the  undis 
turbed  external  field  will  touch  the  earth  at  22°  from  the  geographical 
axis  and  describe  a  circle  about  it  daily.  This  may  be  closely  con¬ 
nected  originally  with  the  location  of  the  axis  of  the  principle  magnetic 
moment  of  the  earth  at  about  23°  from  the  poles  of  rotation  and  hav¬ 
ing  a  period  of  three  thousand  one  hundred  and  torty-seven  years.1 
Practically,  as  already  shown  in  a  preceding  chapter,  the  magnetic 
lines  are  distorted,  and  they  spread  out  over  the  earth  from  the  center 
of  the  auroral  ovals.2  For  purposes  of  our  subject  of  inversion  this 
22°  component  EE:  can  be  laid  aside,  because  it  is  evidently  constant 
throughout  the  year,  in  consequence  of  the  earth  carrying  its  axis 
stiffly  through  the  magnetic  field  always  parallel  to  itself;  the  compo¬ 
nent  EtK  is  the  variable  one  to  consider. 

With  the  other  component  EjK  the  case  is  entirely  different,  since 
the  curvature  and  position  of  the  ovals  now  become  the  leading  con¬ 
sideration.  As  already  shown,  the  September  0  position  is  above  the 
diameter  of  the  oval  on  the  average  7°,  which  rises  to  12°  during  the 
rotation  of  the  coronal  field,  its  pole  being  5°  from  sun’s  axis.  At 
0=83°,  <p=76°  12',  and  hence  MPS  (Chart  33)=TPD  (Chart  32)=21°; 
for  0=80°,  MPS=30°.  Since  SPE:=H+G=15°,  we  have  MPE!  vary¬ 
ing  from  G°  to  15°,  so  that  the  magnetic  lines  always  fall  on  the  earth 
upon  the  same  side  of  the  plane  EOK  containing  the  earth’s  axis.  At 
March  6  the  earth  is  below  the  diameter  of  the  sun’s  magnetic  ovals, 
but  precisely  the  same  facts  hold  true  regarding  the  positive  magnetic 
exploring  pole  which  approaches  the  earth  along  the  line  MP,  being 
parallel  to  the  September  line  PM. 

As  the  earth  passes  along  its  orbit,  from  March  6  it  gradually 
approaches  the  diameter  of  the  ovals  and  reaches  it  on  June  5.  The 
magnetic  lines  are  perpendicular  to  the  radius  vector  there,  since  for 
0  =  90°,  cp  —  90°,  but  the  plane  containing  the  magnetic  line  is  now 
parallel  to  SO,  wfflicli  makes  the  angle  SOE!  =  15°  with  the  plane  of  the 
earth’s  axis,  now,  however,  on  the  opposite  side  of  it  from  the  March 
date.  In  the  same  way  at  December  5  the  magnetic  field  is  again  par¬ 
allel  to  SO;  MO  for  June  5  and  December  5  is  drawn  parallel  to  SO. 

We  have  thus  shown  that  the  only  variable  component  of  the  solar 
magnetic  field  effectively  approaches  the  earth  from  north  to  south, 


1  V.  Carllieiin-Gyllenskdld,  L’attraction  Magn£tique  de  la  Terre,  p.  24. 

2  Van  Bemmelen. 


154 


first  on  one  side  of  the  plane  of  the  earth’s  axis,  in  March  and  Septem¬ 
ber,  and  second  on  the  opposite  side,  in  June  and  December.  The 
effect  is  to  place  the  earth  as  a  magnetized  sphere  in  two  sets  of  oppo¬ 
site  couples  during  the  course  of  a  year,  and  we  have  only  to  trace  out 
the  action  of  such  couple  systems  of  magnetic  forces  within  the  earth’s 
field  to  show  that  the  observed  phenomenon  of  inversion  of  the  curve 
of  typical  strength  of  the  solar  field  from  meridian  to  meridian  is  a 
direct  consequence  of  such  shifting  of  the  direction  of  an  external 
field.  The  case  may  be  summarized  by  saying  that  the  inverse  type  is 
the  one  due  to  the  magnetic  action  in  the  plane  of  the  ovals  inclined  at 
an  angle  SOEi  to  that  component  of  the  earth’s  axis  resolved  perpendic¬ 
ular  to  the  plane  containing  the  trace  of  the  sun’s  axis,  POS,  and  the 
direct  type  of  the  effect  of  the  curvature  of  the  ovals  themselves  in 
their  own  planes.  The  same  sequence  would  be  found  by  turning  the 
arc  of  the  oval  about  an  axis  and  sliding  the  point  of  contact  up  and 
down  the  line  of  force  as  required  by  the  astronomical  coordinates. 

It  may  be  remarked  that  the  fact  of  the  discovery  of  the  direct  type  in 
the  computation  before  the  inverse  type,  is  due  to  the  somewhat  stronger 
magnetic  force  prevailing  for  the  couples  in  March  and  September;  and 
the  fact  that  the  inverse  type  is  rather  more  firmly  developed  in  the 
magnetic  and  the  meteorological  curves  is  because  the  field  itself  is 
inclined  at  a  larger  effective  angle  for  the  couples  in  June  and  Decem¬ 
ber.  The  peculiar  penumbra  of  uncertainty  in  passing  from  one  quad¬ 
rant  to  the  other,  from  the  direct  to  the  inverse  periods,  shown  on  chart 
19,  which  constituted  the  great  difficulty  in  detecting  the  fundamental 
law,  is  clearly  due  to  the  action  of  the  solar  magnetic  lines  being  then 
very  nearly  in  the  plane  of  the  earth’s  effective  axis,  and  thus  producing 
no  steady  distortion  of  the  earth’s  field  by  the  couple.  Of  course,  any 
irregularity  in  the  solar  output,  any  swaying  about  of  the  field  in  space 
must  show  itself  in  a  corresponding  irregularity  at  the  earth.  The 
employment  of  the  mean  of  the  24-hour  observations  eliminated  to  a 
large  extent  this  source  of  confusion  and  enabled  us  to  find  an  approx¬ 
imate  normal  field  during  a  rotation  of  the  sun  on  its  axis.  Abnormally 
large  disturbances  occur  in  consequence  of  spasmodic  outbursts  of  the 
sun  conveying  energy  to  all  the  interplanetary  spaces  and  setting  up 
an  unusually  strong  field  of  magnetic  force,  which,  being  impressed 
upon  the  earth’s  field,  is  measured  in  the  components  H  D  Y  at  the 
several  stations. 

Having  arrived  at  the  conclusion  that  an  external  field  of  force  directed 
alternately  from  opposite  sides  of  the  axis  acts  upon  the  earth’s  mag¬ 
netic  field,  we  have  to  inquire  what  the  effect  is  in  detail  upon  the  lines 
of  the  earth’s  field  at  all  stations  of  the  earth  simultaneously.  It  is  not 
sufficient  to  consider  the  mean  effect  upon  the  earth  as  a  magnet  acted 
upon  by  a  couple  taken  as  a  whole,  but  the  deflections  of  the  lines 
throughout  the  medium  surrounding  the  earth  must  be  studied  in 
detail,  because  our  magnetic  observations  are  made  at  individual  points 
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of  such  a  disturbed  medium,  and  it  is  the  effect  of  these  couples  upon 
the  HI)  V  of  each  station  that  is  required.  According  to  the  preced¬ 
ing  analysis  we  have  (1)  an  external  field,  (2)  an  induced  doublet  or 
equivalent  uniformly  magnetized  sphere  whose  forces  are,  if  H  is  parallel 
to  the  axis  x, 


,  tt  Inflected  system. 

'  *  Exflected  system. 

u 


for  points  in  the  external  field;  the  inflected  system  being  applicable 
to  the  equatorial  portion  of  the  magnetic  shell  of  the  earth,  and  the 
extiected  system  to  the  polar  regions;  the  induction  of  the  doublet 
being  approximately  parallel  to  the  axis  of  the  external  field,  which 
therefore  shifts  with  the  seasons  of  the  year;  (3)  the  permanent  internal 
field  of  the  earth, 


(3) 


The  formation  of  formulae  (2),  (3)  has  been  already  indicated  in 


occurring  under  (2)  may  be  added  at  this  place. 

If  a  permeable  mass  is  placed  in  an  external  field  a  doublet  is  induced 
of  opposite  polarity  to  the  direction  of  the  external  field.  The  state  of 
an  external  field  at  any  instant  may  be  analyzed  by  superposing  upon 
a  normal  field  another  variable  field,  inducing  internal  doublets,  alter¬ 
nately  in  opposite  directions,  according  as  the  actual  field  is  greater  or 
less  than  the  normal  field.  The  observed  variations  aD,  aD,  a  V  in 
the  earth’s  magnetic  field  may  thus  be  regarded  as  the  components  of 
a  secondary  force  superposed  upon  the  earth’s  steady  normal  field.  The 
case  before  us  supposes  no  permanent  secondary  internal  magnetization, 
and  is  therefore  applicable  to  the  earth’s  shell ;  the  field  magnetized  in 
the  earth’s  nucleus  remains  meanwhile  steady,  except  for  its  secular 
variations  of  long  period. 
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RESOLUTION  OF  FORCES  IN  AN  INDUCED  DOUBLET. 


QC  =  AB  =  —  M 


sin  0 
r 3 


H 


M—l 
Mi-  2 


— ~sm  0 


QD  =  FE  =  +  2M  CO—=2H  ^=1  cos  0 

^  T  r3  ix  +2  r3 

GE  =  BQ  — Hsin  0 
EQ  =  H  cos  0 

DS  =  QL  =  Hi  sin  0 
QD=LS  =  Hi  cos  0 

AQ  =  QL  =  H  sin  0  — M-^  =  H,  sin  0.  Tangential. 


FQ  =  n  LS  ==  H  cos  0  +  2  M  =//  H!  cos  0.  Normal, 

ti¬ 


ll— 


=  IIi 


TT  I  2  M  TT 

H+-Ri=/<Hl 


Cuakt  34. — Resolution  of  forces  in  an  induced  doublet. 
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The  external  field  is  deflected  to  pass  through  the  permeable  mass. 
Pursuing  this  analysis  to  all  points  in  the  neighborhood  of  the  sphere, 
also  including  the  exflected  case  of  an  impermeable  nucleus,  we  have  a 
distribution  of  force  shown  on  Chart  8,  of  which  additional  details  are 
given  on  Chart  12. 

By  means  of  these  formulra  any  possible  case  can  be  solved  in  detail, 
but  as  our  purpose  is  to  explain  general  ideas,  we  will  pass  to  some 
empirical  diagrams  which  show  at  a  glance  the  deformation  of  a  mag¬ 
net  field  when  placed  in  several  standard  positions  within  the  external 
field  of  force. 

It  may  be  remarked  once  more  that  if  an  ideal  distribution  of  the 
earth’s  magnetization  be  assumed,  such  as  a  uniform  internal  force 
parallel  to  an  axis,  either  the  axis  of  the  earth’s  rotation  or  the  axis  of 
its  magnetization,  a  certain  type  of  normal  force  must  be  developed, 
derived  from  a  potential,  to  which  the  observed  H.  D.  V.  over  the  earth 
correspond.  If  this  same  magnetized  sphere  be  placed  in  an  external 
field  the  normal  field  will  be  permanently  changed  by  the  superposition 
of  an  induced  doublet.  In  our  special  case  of  a  central  sphere  and 
superincumbent  spherical  permeable  shell  the  deformation  of  the 
normal  field  will  be  such  as  is  indicated  by  the  curve  of  intensity  of 
the  impressed  field  (Chart  11).  That,  however,  should  be  inverted  from 
the  position  there  given,  because  the  strong  impressed  external  field 
will  make  depressions  in  the  resultant  field,  referred  to  a  simple  normal 
field.  The  problem  of  the  Gaussian  Harmonic  Analysis  must  therefore 
fully  take  account  of  those  two  fields,  and  also  the  induced  currents 
arising  from  their  variations  in  strength,  or  from  their  relative  motions 
in  space. 

The  following  typical  charts  (35  to  39  inclusive)  of  the  lines  of  force 
surrounding  a  magnet,  placed  at  different  angles  to  the  horizontal  com¬ 
ponent  of  the  earth’s  field,  were  constructed  by  moving  a  small  explor¬ 
ing  magnet  compass  so  as  to  be  constantly  tangent  to  the  lines,  and 
tracing  out  the  course  of  successive  lines  about  a  magnet  of  the  follow¬ 
ing  dimensions: 

Moment  of  inertia  of  the  bar, 


Magnet  moment, 


T 

ma=M=7T2w2^Sz  =1080. 


where 


2=11.5  c.  m. 
r=0.45  c.  m. 
P=61  grams. 


length  of  magnet, 
■semidiameter, 
weigh  t. 


number  of  half  swings  per  minute. 
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H  =  0.20. 

«=^/= 9.6  c.  m. 
o 

Hence 

m =112.4  0/ G.4  S"1 
F=4^m=1413. 


earth’s  horizontal  component. 

the  effective  distance  between  the  magnet 
poles. 


units  of  pole  strength. 

number  of  lines  sent  out  by  the  pole. 


The  external  field  can  also  be  traced  by  the  usual  graphic  methods. 

The  small  exploring  magnet  is  itself  under  a  feeble  couple  from  the 
earth’s  field,  but  this  can  be  easily  eliminated  by  making  the  resulting 
curve  the  mean  of  the  branches  on  opposite  sides  of  the  axis.  Mark  a 
diameter  carefully  on  the  base  of  the  case  of  the  exploring  magnet, 
which  was  2.5  cm.  long  on  the  one  employed 5  start  at  any  arbitrary 
point  on  the  large  magnet  placed  exactly  parallel  to  the  direction  of 
the  earth’s  field;  allow  the  exploring  needle  to  swing  freely,  and  rotate 
the  marked  diameter  of  the  box  till  it  is  parallel  to  the  needle;  plot 
in  the  other  end  of  the  diameter,  which  will  be  a  second  point  on  the 
same  line  of  force;  transfer  diameter  of  the  compass  to  begin  at  this 
point,  make  tangent  the  needle  and  diameter,  and  thus  plot  a  third 
point.  In  this  way  the  following  diagrams  were  made,  here  reproduced 
on  a  smaller  scale. 

The  positions  of  the  earth’s  field  and  the  magnet  are  marked  on  each 
chart.  Chart  35  gives  the  field  in  its  stable  position,  and  shows  the 
lines  running  from  the  ends  of  the  magnet  off  into  space,  where  they 
are  continued  into  and  join  upon  the  lines  of  the  external  field. 
Compare  inner  portion  of  Chart  6. 

Chart  36  gives  the  unstable  position  of  the  magnet  in  the  field,  and 
indicates  that  it  is  so  because  all  the  lines  of  force  are  closed,  return¬ 
ing  into  the  magnet  itself.  Compare  Chart  7.  The  least  movement  of 
the  magnet  away  from  this  position  will  release  some  lines  to  run  into 
space,  and  this  produces  an  effective  couple,  which  will  turn  the  mag¬ 
net,  when  free  to  move,  into  its  stable  position.  If  the  charts  35,  36 
are  superposed,  we  shall  see  the  extreme  deformations  of  the  normal 
field,  which  were  displayed  on  Chart  8.  In  the  first  case,  the  effect  of 
an  external  field  is  to  expand  all  the  lines  outside  the  position  which 
they  occupied  when  the  magnet  was  screened  from  all  external  fields; 
in  the  second  case,  the  lines  are  all  contracted  within  these  normal  lines. 
The  effect  of  an  external  field  directed  from  magnetic  S  to  N  on  the 
magnet  is  to  expand  the  field  as  a  whole,  and  that  is  the  same  thing 
as  a  decrease  of  the  horizontal  force  everywhere,  an  increase  of  the 
vertical  force  everywhere,  and  deflection  of  the  declination,  if  the  lines 
of  the  field  are  not  parallel  to  the  external  meridians  of  the  magnet. 
If  the  external  field  is  directed  from  K  to  S  along  the  magnet,  opposite 
effects  upon  II  and  V  are  observed.  In  the  case  of  the  earth  and  the 
solar  field  an  increase  of  the  sun's  field  produces  a  secondary  field  rela¬ 
tively  to  its  normal  field,  which  is  directed  from  geographical  H  to  S, 
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Chart  37.— Magnet  lines  distorted  by  earth’s  field.  [N  end  to  the  left.] 
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Chart  38.— Magnet  lines  distorted  by  earth’s  field.  [N  end  to  the  right.] 
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and  increases  Y,  but  diminishes  H  everywhere ;  a  falling  oft*  of  the  solar 
*  field  below  its  normal  value  produces  just  the  opposite  effect.  The 
variable  line  of  force  traced  out  from  day  to  day  by  means  of  the  con¬ 
tinuous  photographic  records  in  H.  D.  Y.,  simply  represents  a  secondary 
field  directed  from  S  to  Y  or  N  to  S,  respectively,  at  different  moments, 
according  as  H.  D.  Y.  at  the  instant  observed  are  less  or  greater  than 
the  normal.  The  oscillations  of  the  field,  in  waves,  in  irregular  small 
vibrations  or  in  perturbations,  are  thus  observed  as  the  simultaneous 
variations  in  H.  D.  Y.  over  the  entire  earth.  A  decrease  of  H.  is  an 
increase  of  external  force;  an  increase  of  Y  is  an  increase  of  the  exter¬ 
nal  field,  and  must  always  be  so  construed.  As  already  mentioned,  the 
great  disturbances,  having  persistent  durations  of  twenty-four  hours 
or  more,  are  observed  to  be  always  directed  from  the  northward  to  the 
southward  side  of  the  ecliptic,  and  they  occur  simultaneously  at  all 
terrestrial  stations.  There  is  no  other  known  cause  of  such  a  phe¬ 
nomenon  capable  of  producing  this  remarkable  result.  Certainly  no 
local  meteorological  conditions,  and  no  rotation  of  the  earth  as  a. body, 
in  a  hypothetical  medium  of  conducting  capacity  can  account  for  these 
peculiar  variations,  unless  the  entire  atmosphere  of  the  earth,  or  unless 
the  earth  as  a  mass,  has  the  variable  motions  corresponding  to  the 
observed  vibrations  of  the  needle  taken  from  day  to  day.  If,  on  the 
other  hand,  the  magnetization  of  the  sun  is  perturbed  irregularly  or 
periodically,  then  all  the  observed  terrestrial  phenomena  follow  in  har¬ 
monious  sequence. 

Starting  now  from  the  unstable  position  of  our  magnet  chart  36,  let 
it  swing  half-way  about,  to  right  and  left,  till  the  axis  of  the  magnet 
makes  90°  with  the  external  field.  The  instructive  charts  37,38  show 
the  distortion  of  the  medium,  when  the  couples  are  in  the  positions  of 
maximum  power.  The  impulse  to  swing  is  in  such  a  direction  as  to  bring 
the  N  of  the  magnet  to  S  of  field,  its  stable  position,  as  quickly  as 
possible.  A  portion  of  the  lines  are  open  on  opposite  sides  and  draw¬ 
ing,  the  remainder  are  closed  and  pushing,  thus  distorting  in  two  ways 
the  normal  forms  of  the  curves.  An  opposite  turn  of  90°  will  bring  the 
lines  into  the  position  of  chart  .'18.  When  a  magnet  swings  about  an 
axis,  its  lines  are  playing  through  the  rapidly  varying  curves  of  charts 
37, 35, 38,  if  free  to  act  in  their  own  way ;  the  magnet  field  may  be  forced 
through  the  forms  37, 36,  38  in  succession. 

Finally,  when  near  the  point  of  the  stable  equilibrium,  a  similar  though 
smaller  distortion  of  the  curves  takes  place,  even  for  slight  displace¬ 
ments  of  the  axis. 

Chart  39  shows  the  two  positions  of  the  field  when  its  axis  is  1 0°  on 
each  side  of  the  axis  of  the  magnet;  the  undisturbed  magnet  lines  may 
be  drawn  through  their  mean  position.  This  is  the  practical  case  of 
the  earth,  as  before  explained,  when  the  direct  or  inverse  types  respec¬ 
tively  prevail.  During  the  periods  of  direct  type  a  left-handed  couple 
prevails;  and  during  the  periods  of  inverse  type  a  right-handed  couple 

CHART  39.— Magnet  lines  distorted  by  two  couples.  [Angle=10  degrees.] 
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prevails.  The  important  deduction  is  that  for  the  same  external  field 
the  horizontal  force  of  the  earth’s  field  is  changed  in  one  direction  under 
one  couple,  and  in  the  opposite  direction  for  the  other  couple,  when 
measured  at  any  station  as  compared  with  the  normal  field  at  that  place. 
The  phenomenon  of  inversion  is  therefore  an  effect  within  the  earth’s 
field,  of  the  presenting'  its  lines  to  the  direction  of  an  impressed  exter¬ 
nal  field  from  the  opposite  sides,  these  couples  being  generated  by  the 
combined  aspects  of  the  axes  of  the  earth  and  sun,  together  with  the 
peculiar  shape  of  the  solar  magnetic  ovals.  The  typical  curves  of  chart 
8,  derived  from  the  observations,  therefore  find  their  necessary  expla¬ 
nation  in  these  circumstances,  and  carry  with  them  the  proof  of  the 
existence  of  a  direct  action  of  the  solar  magnetic  field.  To  apply  all 
these  conditions  to  the  solution  of  the  force  observed  at  any  station  at 
a  given  instant  of  time  is  possible,  but  very  complex.  Auxiliary  tabu¬ 
lations  of  disturbances,  like  the  terms  of  an  orbit  under  perturbations, 
can  be  constructed  to  facilitate  such  a  work,  and  it  will  become  the 
province  of  the  science  of  terrestrial  magnetism  to  do  so  sometime. 
We  may  perceive  that  the  Gaussian  hypothesis  of  referring  all  these 
forces  to  an  internal  potential  field  of  heterogeneous  magnetization 
was  imperfect.  For  the  study  of  the  secular  variation,  all  these  exter¬ 
nal  terms  must  be  eliminated  before  the  Harmonic  Analysis  is  applied 
to  interpolations  on  the  forces  derived  from  an  internal  field.  To  reca¬ 
pitulate,  we  have,  (1)  the  field  from  the  earth’s  nucleus  of  only  approxi¬ 
mately  known  distribution ;  (2)  the  secondary  distribution  derived  from 
the  electro-magnetic  field,  varying  only  with  the  change  of  the  axis  of 
that  field  in  latitude,  including  its  couples;  (3)  the  secondary  distribu¬ 
tion  derived  from  the  polar  magnetic  field,  varying  with  the  strength 
of  the  output  from  the  sun,  including  its  couples  and  the  phenomenon 
of  inversion.  The  rotation  of  the  earth  on  its  axis  enanled  us  to  elimi¬ 
nate  the  electromagnetic  field,  and  also  the  local  terms  in  the  polar 
magnetic  field,  from  the  external  couples;  the  rotation  of  the  sun  on  its 
axis  developed  the  normal  type  curve  of  relative  intensity ;  the  revolu¬ 
tion  of  the  earth  in  its  orbit  produced  the  inversion  of  the  type  curve, 
by  the  very  peculiar  conditions  involved  in  the  formation  of  the  two 
systems  of  couples. 

ELEMENTS  OF  THE  SUN  AND  EARTH  AS  MAGNETS. 

It  may  be  convenient  to  have  for  reference  the  main  features  of  the 
sun  and  earth  as  static  magnets,  derived  in  the  case  of  the  earth  from 
1  —  0.079  G.  G.  S,  and  in  the  case  of  the  sun  from  H=0.00035  0.  G.  S.  at 
the  distance  of  the  earth.  Logarithms  are  given  in  the  last  column. 
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Table  36. — Magnetic  elements  of  the  earth  in  the  C.  G.  S.  system. 


R 

Radius  of  earth 

6.  37 

X108 

8. 80414  | 

R2 

4.058 
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R3 

2.  5848 

X1026 
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0.  62209 

I 

Magnetization 

0.  079 
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Y  =3>r  R3 

Volume  of  earth 
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r3 
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r3 
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Exterior  normal  com¬ 
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r3 
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r3 
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Exterior  tangential 
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X1025  8111  0 
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Fe  Fi  R3  (1+3  008  *0) * 

Total  exterior  force 
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T  3 

r3 
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Mass 

1.7904 

X10'7 
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Table  37 — Magnetic  elements  of  the  sun  ( C .  G.  S.). 


R 

6. 968 

X  10>°  (433,000  miles) 
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R2 
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I 
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V 
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M 
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— Fi 
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cos  0 

X  103B  ~3 
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1.168 
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m 
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1.580 
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X 
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36.  86562 

12 

1. 168 

cos  0 

X 103B  —r~ 

Qs  / 

/  Qe 

1. 2479 

X  10« 

8.  09618 
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TWO  TYPES  OF  RADIATION. 

We  will  now  make  some  remarks  upon  tlie  subject  of  radiation.  From 
the  beginning  of  my  research  I  have  had  very  definite  ideas  about  the 
probable  outcome  of  the  solar- terrestrial  problem,  and  have  therefore 
adopted  some  terms  that  may  not  have  been  accepted  by  students 
generally  in  the  meaning  intended.  Radiation  can  be  defined  as  the 
transmission  of  energy  from  its  source  through  the  medium  separating 
it  from  another  body  by  merely  transient  disturbances  of  the  medium 
at  the  intervening  points.  Radiation  may  be  of  many  types.  Two 
kinds  alone  concern  this  problem. 

Adopting  Heaviside’s  equations  and  notation,  we  have: 

(1)  The  electromagnetic  radiation  from  the  sun: 


W=v  (U  +  T)=Y  (E~e°)  (H~ ho). 

47T 

Its  translational  force  or  pressure  is: 

F=YI)B+VDB=f  VDB=I  d  VEri=1/A 
dt  v‘  dt  v 2  dt 

The  flux  of  energy  is  at  right  angles  to  the  plane  containing  the 
electric  force  and  the  magnetic  induction.  The  pressure  per  square 
centimeter  is  inversely  proportional  to  the  square  of  the  velocity  of 
propagation  and  to  the  time  rate  of  change  in  the  energy  flux.  The 
rays  of  propagation  are  the  radii  of  the  expanding  spherical  waves  of 
electro  magnetic  induction,  and  the  length  of  path  to  the  earth  is 
about  92,800,000  miles. 

(2)  The  polar  magnetic  radiation  from  the  sun  is  of  an  entirely  dif¬ 
ferent  nature,  and  is  primarily  the  transient  transmissions  of  the  energy 
required  to  change  a  polar  magnetic  field  of  a  certain  strength  to  simi¬ 
lar  field  of  a  different  strength.  The  length  of  path  to  the  earth  is 
about  135,000,000  miles.  As  regards  such  a  polar  field,  it  is  probably 
a  very  misleading  conception  to  ever  regard  it  as  static,  except  in  some 
of  its  effects.  We  may  as  well  consider  the  electro-magnetic  field 
static,  because  it  exerts  a  steady  pressure,  but  we  have  fortunately 
learned  to  analyze  it  as  made  up  of  immensely  rapid  vibrations,  trans¬ 
mitting  energy  in  wave  motions.  In  a  similar  way  the  lines  of  force 
surrounding  a  common  magnet  are  not  at  rest,  but  probably  consist  of 
vortex  tubes,  namely,  electric  currents  rotating  about  the  axis  of  the 
line  of  magnetic  force  with  enormous  rapidity.  I  take  pleasure  in 
referring  to  a  careful  graphical  analysis  of  such  a  state  of  the  medium 
in  u  Magnetische  Kraftfelder,”  H.  Ebert,  Leipsig,  1896,  which  illustrates 
the  views  mentioned  in  this  connection.  The  interaction  of  such 
vortex  tubes  affords  a  mechanical  analogue  which  conforms  very 
closely  indeed  to  the  observed  physical  effects,  even  if  it  does  not  rep¬ 
resent  the  true  state  of  the  medium.  Now  the  case  of  propagation  of 
energy  when  the  magnetic  field  is  varying  comes  before  us.  Suppose 
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a  soft  iron  bar  surrounded  by  a  spool  of  insulated  wire,  without  current 
at  first,  lies  within  an  ether  medium  in  a  quiescent  state;  by  the  action 
of  the  electric  current,  when  suddenly  impressed,  the  surrounding 
medium  is  set  into  vortical  rotation  by  the  transmission  of  lines  of  mag¬ 
netic  force  from  the  iron  bar.  I  can  think  of  no  truer  word  to  describe 
this  changing  state  of  the  medium  than  magnetic  radiation  of  energy 
through  it.  This  field  may  acquire  a  steady  state,  but  it  is  essentially 
dynamic  and  not  static.  The  word  static  in  electro  magnetism  is  so 
far  misleading  that  it  ought  to  be  abandoned,  because  it  means  only 
the  steady  state  of  an  intrinsically  dynamic  field.  In  the  same  sense, 
though  the  sun  may  be  said  to  maintain  a  steady  magnetic  field  for 
short  intervals,  it  is  so  far  restless  as  to  be  practically  transmitting 
energy  incessantly  in  passing  from  one  state  of  intensity  to  another. 
This  transmission  appears  to  be  spasmodic,  in  large  and  small  disturb¬ 
ances,  and  if  Esclienhagen’s  observations  of  minute  waves  in  the  mag¬ 
netic  field  can  not  be  explained  by  pulsations  derived  from  terrestrial 
sources,  then  likewise  in  small,  quite  rapid  wave-like  vibrations,  which 
come  very  close  to  being  a  true  periodic  radiation.  It  must  be  said 
that  the  analysis  of  a  polar  field  with  a  positive  and  negative  pole  is 
merely  a  convenience,  and  that  both  poles  are  probably  sources  and 
sinks  simultaneously,  though  the  positive  is  the  source  and  the  nega¬ 
tive  a  sink  only  to  the  . positive  isolated  pole  upon  which  our  analysis 
has  been  founded.  This  polar  transient  system  may  be  examined  more 
specifically,  as  it  is  less  commonly  understood.  The  following  equa¬ 
tions  are  rearranged  from  Heaviside’s  papers: 


HEAVISIDE’S  NOTATION. 


Electricity. 


Magnetism. 


c  Electric  permittivity.  D 


fj.  Magnetic  inductivity.  B—//H. 


k  Electric  conductivity.  C^kE. 

Ei  Force  of  field.  Ei=(E  — eo). 
e  Motional  force.  e=VqB. 
e0  Intrinsic  force. 

E  Electric  force. 

D  Displacement. 

C  Conduction  current. 

J  True  electric  current=C  -f-  D  -f-pu. 
p  Electrification.  p=:div  D. 
u  Velocity. 

Q[  Joulean  waste.  Qi=kE-  =  EC. 


g  Magnetic  conductivity  (fictitious). 

H,  Force  of  field.  H,  =(H — h0). 
h  Motional  force.  h=VDq. 
ho  Intrinsic  force. 

H  Magnetic  force. 

B  Induction. 

K  Conduction  current  (fictitious). 

G  True  magnetic  current=[K]  -|-B-F  [dw] . 
d  Magnetification.  d=divB (fictitious), 
w  Velocity. 

Joulean  waste  (fictitious). 


U  Energy  stored.  U=IED=^cE2. 


T  Energy  stored.  -=£.  . 


F  Polar  force. 


Eh  Magnetic  potential. 


FUNDAMENTAL  EQUATIONS. 


1.  curl  (H  —  h)=47rJ  =  47r(C  +  i>)  =  DrkE  +  cE. 


Multiply  the  first  by  (e — E),  the  second  by  (h — H),  and  add, 

3.  eJ  +  hG=EJ  +  HG  +  [(H  — h)  curl  (E  —  e)  —  (E  —  e)  curl  (H— - h)] 

4# 
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Eliminate  H  and  E  successively  in  (1),  (2). 

5.  cnrl  —  curl  (E  —  e)  -f-  curl  h  +  47rk  E  +  c  E  =  0 

6.  curl  —curl  (H  —  h)  —  curl  e  +  47rg  H  H  =  0 


For  e  =  0,  h=  0,  and  g  =  0. 

„  -.1  ,  „  ,  ,  dE  d2E  1 

7 •  curl  -  curl  E  +  4tt  k  ^  -f  c  ^r3=  0  j 

1  d-H  '  N°  impressed  force  in  space. 

8.  curl  —  curl  H  +  ju  ^  =  0  I 

For  c  =  0. 


1  dE 

9.  curl  —  curl  E  -f-  \-jt  k  =  0 

1  dH 

10.  curl  ^  curl  H  +  47 1  n  ^r= 0 

For  k  =  0. 

11.  curl  ~~  curl  E  +  c  =  0 

12.  curl  ^  curl  H  -j-  ju  =  0 


1 


}  Diffusion  in  metals  of  E  and  H. 

J 


1 

l  Wave  propagation  in  gases  of  E  and  H. 


MAGNETIZATION. 

Intrinsic  magnetization  =  i7t  It  =ju  h- 
Induced  magnetization  =  47T  I2  =  47T  k  F. 

Total  induction  =  B  =  F  -f-  47T  It  -f-  la* 

=  F  +  M  h  +  47T  k  F. 

=  F  (l  +  47rk)+//  h. 

=  /*  (F  -f-  h)  ==//  H. 

The  actual  H  =  h  (impressed)  +F  (polar)  +  Fi  (current  induced). 


Some  relations  between  circuital  and  polar  forces. 


ELECTRIC  CONDUCTOR. 


Ei  —  ei  +  Ej 

E2  =  e2-f  F2 

H  =h  +FS 

1.  Curl  (H- 


E,  = — V  Pi 
F2=_v  P2 

F3  =  — VP, 


* k  E, 


D  —-T-  E2 

4ir 


div  C  =  0 

DIELECTRIC, 
div  D  —  0 


curl  (ex —  E1)  =  0 
curl  (e2  —  E2)  =  0 


MAGNETIC  CONDUCTOR. 
fj.  H  div  B  =  0  —  curl  (h  —  H  )  =  0 

CASES. 


,/c 


h)  =0,  no  current. 

F  =  —  V  iQ,  polar  magnetic  field;  and  curl  F: 


Pi  =  —  div  ex 


p2  ==  —  div  c 

47T 


=  —  div  p. 


curl  (H  —  h)  =  F  =  —  V  *&;  H  =  h-f  F. 

2.  div  G  —  0.  div  B  =  0.  J* div  B  =  div  B  =  div  /i  H  =  0. 

3.  Conditions:  curl  (H  —  h)  =  0.  div//H  =  0. 

Given  ju  and  h  to  find  H,  the  actual  magnetic  force, 
div  ju  (h  -f-  F)  =  0.  curl  F  =  0.  div  ju  F  —  —  div  ju  h. 

I.  Curlh  =  0.  curlH  =  0.  div//H  =  0.  H  =  0and  B  — 0. 

If  the  impressed  force  be  wholly  polar  there  is  no  induction. 

II.  div//h  =  0.  div//F  =  0.  curlF  =  0.  F  =  0.  H  =  h.  B  =  //h. 

If  the  impressed  force  be  wholly  circuital  there  is  full  induction,  and  no  polar 
force. 

This  shows  that  during  transient  adjustments  of  a  magnetic  field  from  one  strength 
to  another  there  are  transient  electric  and  magnetic  currents. 
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TRANSFORMATION  OF  WORK  INTO  ENERGY  AND  HEAT. 

Conductor,  Q  =  .2E1kE  =  ^eikEi  =  .2ejkei — -SFikFi  =  ^eikei  —  2'P1pi  =  2’E[C 

=2mlGl. 

Dielectric,  87tU  =  .5E2cE2  =  2e2cE2  =  ^e2 ce2  —  2F2cF2  =  .Se2ce2  —  2p2  =  -54E..-D 

=  2i ZG. 

Medium0  8/'T  =  2E!cE:  !  =  =  2h/ih  —  2F,pY,  =  2hph  —  2$  £16= 

=  ^|AJ. 

Q  =  the  work  wasted  in  conductors  as  heat. 

TJ=the  electric  energy  stored  in  potential  form  in  the  dielectric. 

T  =  the  magnetic  energy  stored  in  kinetic  form  in  the  magnetic  medium. 

Proof  of  the  last  form. 

Circuital  displacement  in  a  dielectric  from  electro  magnetic  induction. 
divcE  =  0.  — curl  Z=  cE=inD.  curl  H  =  cE  =  4ttJ. 

divB  =  0.  curlA=;«H  =  B.  — curl  F  =  //H  =  47TG  =  curl  1  curl  Z 

c 

U=-2*ED  =  2***“  C"rI  E  =  2!ZG.  Since,  Z  =  - ,  G=- -  <  url  E. 

curl  47 r  '  curl  in 

T = 2*™  =  2  i  *  "V1-  =  2i  AJ.  Since,  A  =  ®  ,  J  =  c,’rl  K- 
*  in  curl  in  curl  47T 


Transient  to  final  state. 

Transient  state — curl  (E — e)=47rG.  E0  =  e-f-F0=e — (Final). 

Final  state  —  curl  (E0  —  e)  =  0.  F  =  F0.  G  =  J2.  J  —  C-f  D. 

2eJ  =  JSeJ+^FoJ  =  2EJ  i'EC+i'E(D  =  SEukE+2E.J)  ^C(E+^E,I). 


2CtE  =  2-®°-  curl  E  =  2  H°  (curl  e 
curl  47T 


4ttG)  -  2R> 


/  curl  e 
47T 


-G)= 


^  curl  H 
2e 

in 

At  each  instant 


SH(,G=^eCo— 2H0G. 

2eJ  s=  ^eCo+^EoD—  2H0G. 


The  time  integral 
The  work  done  = 


al,  2e y 

/ 


Jdt  —  ^eCot+^EoDo  —  2  final  state. 

47T 


e  /  Jdt=^eC„t+2U— 2T. 

Proof  of  the  last  steps. 


Work  done  by  actual  forces=: 
HGdt  =  2 


Sf' 


fa  fKpH\ 

^  J  dty  2.4tt  J 


at  =  2 


,H/zH 
2.4  7T 


T. 


Work  done  by  impressed  forces= 


2  J  hGdt  =  2  J^dt  = 


-gh//H _ T  _ ^(h-f- F)//H  =2KpK=2T 

in  1  47r  47T 


H=h  +  F  =  h  +  divX2.  //H  =  //h  +  //F.  2TjuR  =  2Tph  -f-  2TjaT  =  ^divf2//H  0. 


/ 


2  J  hGdt  =  2  J EJdt  +  2  J  HGdt  =  2  J ' Qdt -f- T  2T. 

2 ^ e.Jdt  =  2  j ' HGdt  +  2  J EJdt  =  ^  J" Qdt  +  U  .  2TJ.  j ’ Qdt  =  U 


Qdt  =  T  Q  mag. 


=  Q  elect. 


One-half  the  energy  of  the  transient  currents  is  expended  as  heat  and  the  other 
half  as  the  kinetic  magnetic  energy  of  the  new  state  of  the  field. 
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SUMMARY  STATEMENT. 

1.  Electrostatic  case,  magnetic  energy  vanishing,  .2eC0t  +  2U  =  Work. 

2.  Magnetic  case,  electrostatic  energy  vanishing,  2eC0t  —  2T  =  Work. 

3.  Joule’s  heat,  electrostatic  and  magnetic  energy,  ^eC0t  -f-  IT  —  3T  =  Work. 

The  ease  of  the  polar  magnetic  field  from  the  sun  is  the  second,  for 
which  the  work  of  the  forces  within  the  sun  is  supposed  to  be, 

Work  of  impressed  forces =Xe0ot— 2  T. 

The  first  term  is  the  Joule’s  heat  of  the  final  electric  current  set  up, 
whatever  transient  electric  currents  may  have  occurred  within  the 
body  of  the  sun,  but  may  be  laid  aside  from  consideration  in  the  external 
magnetic  field. 

That  part  of  the  work  =  —  (  Qdt  —  i.  . 

J  “4  n 

We  have  two  remarkable  results,  that  the  work  done  in  this  case  is 
expended — 

(1)  In  cooling  the  medium  throughout  the  interplanetary  magnetic 
field,  as  was  shown  to  be  the  observed  fact  at  the  earth  from  the  dis¬ 
cussion  of  the  meteorological  elements. 

(2)  In  setting  up  a  magnetic  field. 

Since  it  has  been  shown  that  the  work  expended  in  setting  up  final 
states  of  currents  of  electricity  is  diminished  by  the  term  2  T  from  that 
which  it  would  be  in  setting  up  electric  currents  in  the  sun  without 
any  external  magnetic  field,  the  inference  follows  that  less  work  is 
required  to  bring  about  equilibrium  states  on  the  sun,  when  once  dis¬ 
turbance  occurs  in  its  magnetization  or  in  its  electric  condition,  than 
would  be  the  case  if  no  external  magnetic  field  existed  outside  it.  This 
seems  most  remarkable,  but  it  is  concluded  that  the  cooling  of  the 
external  medium  and  the  increase  of  the  external  magnetic  field  calls 
for  less  work  in  the  sun  to  readjust  its  forces  to  normal  states  than 
would  have  been  the  case  if  they  did  not  thus  exist  and  operate.  Hence, 
instead  of  being  an  argument  against  the  direct  magnetic  action  of  the 
sun,  the  observed  external  field  at  the  earth  becomes  the  physical 
verification  of  the  fact  that  the  sun  is  a  highly  magnetized  body.  It 
adjusts  itself  by  this  mode  of  operation  and  expends  the  minimum 
work.  This  inference  stands  so  directly  contradictory  to  the  conclu¬ 
sions  expressed  by  Lord  Kelvin  in  his  anniversary  address  (Nature,  Yol. 
XLVII,  p.  108),  and  which  have  been  quoted  against  the  hypothesis  of 
the  direct  magnetic  action  of  the  sun,  that  it  may  be  proper  to  note 
it  in  connection  with  that  statement. 

RECOMPUTATION  OF  SOLAR  VALUES  OF  E.  H. 

On  page  402,  Yol.  II,  Electricity  and  Magnetism,  Maxwell  gives  a 
computation  of  the  electric  and  magnetic  forces  developed  during  the 
transmission  of  energy  in  sunlight,  using  Pouillet’s  data.  Since  Lang- 
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ley’s  determination  ot  the  solar  constant  gives  nearly  twice  as  great  a 
value  as  Pouillet’s,  it  will  be  worth  while  to  recompute  the  values  of 
E  and  H,  the  maximum  amplitudes  developed  in  suulight.  Some  other 
derivative  numerical  values  are  added. 

The  corresponding  quantities  in  the  polar  field  are  only  transient,  very 
variable,  and  are  therefore  not  available  except  when  integrated.  To 
do  this  practically  is  not  now  possible,  since  the  observational  data, 
referring  to  the  absorption  of  energy  in  the  atmosphere,  is  not  yet  freed 
from  the  convective  action  of  currents  derived  from  the  general  circu¬ 
lation. 


Table  38. — Recomputation  of  the  electric  and  magnetic  forces. 
[E  and  H  for  Langley’s  constant  of  solar  energy.] 


Data  for  the  transformations. 

Thomson . 

| 

Intermediate. 

Langley. 

Constant  of  solar  energy  in  calories . 

17. 037 

25.  00 

30. 00 

(1  liorsepower=10T7s  calories.) 

I 

Solar  constant  in  horsepower  per  square  meter  per  minute  . . 

1.  632 

2.  395 

2.  874 

<1  horsepower=550  foot-pounds  per  second.) 

Solar  constant  in  foot-pounds  per  second . 

897.7 

1317.  3 

1580.  8 

(1  square  meter=l 0.7641  square  feet.) 

Solar  constant  in  foot-pounds  per  second  on  1  square  foot  = 

83.4 

122.4 

146.9 

energy  of  strong  sunlight. 

(Maxwell) 

(1  foot-pound~0. 13825  kilogram  meter.) 

Solar  constant  in  kilogram  meters  per  second  on  1  square 

124.1 

182. 1 

218.  5 

meter. 

(Poincare) 

(Velocity  of  light=9.838xl08  feet  per  second.) 

Energy  in  a  cubic  foot  of  sunlight  in  foot-pounds :  or  the 

.0000000848 

.0000001244 

.0000001493 

”  pressure  on  1  square  foot  placed  normal  to  ray. 

(Maxwell) 

(Velocity  of  light=2.9986xl08  meters  per  second.) 

Energy  in  a  cubic  meter  of  sunlight  in  kilogrammeters ;  or 

.0000004139 

.0000006074 

. 0000007288 

the  pressure  on  1  square  meter  placed  normal  to  ray. 

(Poincare) 

Hence,  E  electric  force . 

5.673X108 

6.  872  X108 

7.  528  X 108 

H  magnetic  force . 

0.  01892 

0.  02292 

0.  02511 

(Maxwel^used  V=310900000  meters  per  second.) 


E  =  7.5  x10s  C.  G.  S.  =7.5  volts. 

H  =  0.02500  C.G.  S. 

u=  f  =^H:=T  =  0.000025  C.  G.  S. 

87 1  8  Tt 

W  =  v(U-f-T)  =  VEH  =  1.875x10-  C.G.  S. 

F  =  -1  <1W  =  ^C  d  YDB  =Yi)B  +  VDB 
t?2  dt  v~  dt 

F  =  V  (kE  +  ^E)  yuB+  tc  //VEH=:VJB-t-l7rVDG. 

4  Tt 

F  =  Electromagnetic  force -f- magnetoelectric  force,  these  being  mechanical  or 
translatory  pressures. 


The  electromagnetic  force  can  exist  in  steady  states,  and  it  is  accom¬ 
panied  by  dissipation  of  energy.  The  maguetoelectric  force  can  exist 
only  in  the  transient  states.  Hence  the  electromagnetic  radiation 
exerts  a  steady  pressure  along  the  ray  of  sunlight.  The  magneto¬ 
electric  radiation  emits  temporary  mechanical  pressures  during  the 
changing  of  the  strength  of  the  polar  field  of  the  sun.  We  may  there¬ 
fore  properly  speak  of  the  two  radiations  from  the  sun,  provided  the 
distinction  between  these  two  kinds  is  carefully  maintained.  To  con¬ 
fuse  them  is  an  error  of  analysis. 
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A  purely  physical  question  now  remains  to  be  answered.  If  a  mag¬ 
netic  polar  line  consists  of  a  magnetic  force  parallel  to  the  direction  of 
B  and  a  system  of  circular  electric  currents  surrounding  it  in  a  vortex 
ring  (see  Barker’s  Physics,  p.  803;  Ebert’s  Kraftfelder,  chapter  8,  and 
other  authors),  how  are  these  forces  related  to  changes  of  temperature 
of  a  medium  such  as  the  atmosphere?  We  know  that  an  increase  of 
temperature  of  the  air  diminishes  the  magnetic  force  of  a  magnet  placed 
within  it,  and  vice  versa.  Now,  what  goes  on  to  do  this  ?  The  chapter 
of  J.  J.  Thomson,  u Applications  of  dynamics  to  physics,”  on  Tempera¬ 
ture,  No.  VI,  is  very  instructive,  and  should  be  carefully  considered. 
Till  this  subject  is  fully  worked  up  in  the  laboratory,  we  may  refer  to 
it  as  one  of  the  unsolved  problems  as  regards  the  principles  of  radiation. 

Closely  connected  with  this  inquiry  is  a  second  problem :  What  are 
the  peculiar  mechanical  forms  of  the  variations  in  the  'vortical  system 
which  permits  the  transfer  of  energy  from  the  sun  to  the  earth,  through 
so  great  a  distance  as  135,000,000  miles,  for  example?  The  treatment 
of  the  forces  as  a  problem  of  dynamics  instead  of  statics  is  apparently 
the  proper  method  of  procedure.  Furthermore,  the  question  arises, 
What  is  the  cross  connection  between  the  electromagnetic  and  the  polar 
magnetic  fields,  especially  in  the  problem  of  the  dissipation  of  energy  in 
atmospheric  absorption  and  radiation,  accompanied  by  changes  in  the 
wave  lengths?  All  these  topics  lie  beyond  the  province  of  this  bulle¬ 
tin,  but  they  are  nevertheless  of  much  importance. 

FUNCTIONAL  VARIATIONS  IN  THE  MAGNETIC  AND  METEOROLOGICAL 

ELEMENTS. 

In  view  of  this  hiatus  in  knowledge  of  the  laws  of  physics,  also 
considering  the  total  lack  of  magnetic  observations  in  the  Northwest 
of  the  United  States,  and  having  regard  to  the  components  of  temper¬ 
atures  and  pressures  derived  from  direct  energy,  intermingled  with  air 
in  convection  currents,  it  is  a  most  difficult  matter  to  determine  what 
the  functions  between  variations  in  the  magnetic  field  and  the  corre¬ 
sponding  changes  in  the  meteorological  elements  of  the  air  really  are. 
As  an  approximate  solution,  I  have  assumed  that  the  synchronism, 
taken  year  by  year,  between  these  systems  is  proportional.  This 
amounts  to  supposing  that  if  the  sunlight  field  acts  alone,  the  mean 
annual  values  would  show  no  secular  changes,  and  that  therefore  the 
observed  simultaneous  variations  are  due  to  the  polar  magnetic  field 
alone.  Hence  the  changes  are  proportional  to  the  required  functional 
relations.  From  this  data  (see  Table  29)  the  following  results  have 
been  derived: 

Variations  taking  jdace  simultaneously: 

In  the  maximum  field  (auroral  belt)  0.000050  G.  G.  S. 

In  the  European  field  (also  United  States)  0.000010  C.  G.  S. 

In  the  external  coronal  field  (near  the  earth)  0.000030  C.  G.  S. 
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To  these  correspond,  when  the  above  changes  are  maintained  for  a 
year,  as  is  the  case  in  the  northwest  of  the  United  States  and  West 
Canada: 


Change  in  the  mean  annual  pressure,  an  increase,  0.02  inch. 

Change  in  the  mean  annual  temperature,  a  decrease,  2°  F. 

Change  in  the  mean  annual  pressure  amplitude,  0.01  inch. 

Change  in  the  mean  annual  temperatur  e  amplitude,  0.2°  F. 

During  certain  years  in  the  Dakotas  the  pressure  averages  higher 
and  the  temperature  lower ;  the  average  swing  of  the  oscillations  from 
high  to  low  and  from  warm  to  cold,  taken  day  by  day,  is  less;  and  this 
takes  place  in  years  of  increased  magnetic  force  from  the  coronal  field 
in  the  proportion  given  above. 

In  order  to  show  how  widely  these  changes  occur  from  year  to  year, 
it  is  found  in  the  sun-spot  cycle  1878-1890  that  the  following  changes 
took  i>l ace  in  those  districts : 

Range  in  the  European  magnetic  horizontal  component,  0.000060  C.  G.  S. 


Range  in  the  external  solar  coronal  field, 

Range  in  the  maximum  solar  (auroral)  field, 

Range  in  the  northwest  (the  Dakotas)  pressures, 

Range  in  the  northwest  temperatures, 

Range  in  the  northwest  pressure  amplitude, 

Range  in  the  northwest  temperature  amplitudes, 

These  relations  may  need  modifications  whenever  the  scientific  data 
warrants  an  improvement,  but  they  sefive  to  show  the  general  connection 
between  the  various  quantities  involved. 


0.000180  C.  G.  S. 
0.000300  C.  G.  S. 
0.10  inch. 

70  f. 

0.06  inch, 
l-o  F. 


THE  GENERAL  RELATIONS  TO  THE  GAUSSIAN  POTENTIAL  OF  THE 
EARTH  AND  ITS  SECULAR  VARIATIONS. 

It  is  evident  that  the  general  position  taken  in  this  bulletin  is  in 
accord  with  the  results  of  the  recent  analytical  calculations  of  the 
earth’s  potential  from  observations,  in  so  far  as  it  concludes  that  there 
is  a  varying  potential  outside  the  earth  impressed  upon  the  inside 
potential.  There  is,  however,  a  wide  divergence  in  regard  to  the  source 
of  the  external  field.  The  opinions  quoted  are  quite  uniform  in  the 
view  that  its  seat  is  to  be  found  in  the  hypothetical  electric  currents  of 
the  rarefied  upper  atmosphere.  Our  result  is  to  attribute  it  to  two 
external  fields,  having  their  seat  in  the  sun,  interacting  upon  each  other 
and  upon  the  earth’s  internal  potential.  It  is  clear  that  these  fields 
possess  all  the  properties  required  by  the  analysis  of  the  observations, 
as  herein  described,  to  account  for  the  phenomena.  The  electric  air 
currents  are  merely  equivalent  to  the  magnetic  fields,  and  in  themselves 
these  equivalents  have  no  advantage  over  the  other  in  the  discussion, 
unless  they  can  be  primarily  shown  to  really  exist. 

Briefly,  the  argument  stands  as  follows:  Admitting  that  electric 
currents  exist  in  the  atmosphere,  as  must  be  the  case  if  there  is  any 
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variation  of  tlie  magnetic  potential,  we  have  shown  that  the  magnetic 
fields,  in  addition  to  that  effect,  exhibit  such  peculiar  properties  as  to 
render  the  explanation  intelligible  only  by  placing  their  seat  outside 
the  earth’s  atmosphere,  and  specifically  in  the  sun.  If  the  source  of 
the  variations  under  discussion  is  only  within  the  earth’s  atmosphere, 
how  is  the  periodicity  and  the  inversion  found  in  the  observations  to  be 
accounted  for?  Also,  how  is  the  eleven-year  system  of  synchronous 
variations  of  the  earth  and  the  sun  to  be  explained,  unless  we  suppose 
that  the  earth  has  power  enough  to  change  the  state  of  the  sun  itself, 
an  idea  which  seems  inadmissible.  Several  objections  to  ascribing  the 
variations  of  the  earth’s  field  to  the  atmospheric  convection  currents 
of  meteorology  have  been  already  mentioned,  and  these  must  also  be 
suitably  overcome.  It  is  admitted  that  during  the  mutual  readjust¬ 
ments  of  the  magnetic  fields  currents  of  electricity  exist  throughout 
the  atmosphere ;  also  a  change  in  the  wave  lengths  of  the  electromag¬ 
netic  external  fields  may  be  a  source  of  the  atmospheric  electricity;  but 
these  subjects  must  be  more  fully  studied,  if  possible,  before  a  decisive 
statement  can  be  offered.  The  synchronism  between  the  solar  and  the 
terrestrial  phenomena,  the  periodicity  and  inversion  of  type  in  the  polar 
field,  the  peculiar  distribution  of  the  magnetic  vectors  in  the  electro¬ 
magnetic  field,  are  therefore  the  chief  points  to  explain  on  the  atmos¬ 
pheric  electric- current  theory.  These  currents,  as  well  as  the  earth 
electric  currents,  are  necessary  consequences  of  the  interaction  of  the 
three  fields  described,  including  their  own  variations  in  strength  and 
the  induced  variations  due  to  motion  of  the  planet.  But  it  is  hardly 
possible  to  consider  such  electric  currents  as  the  true  source  of  all  the 
phenomena  heretofore  mentioned  in  detail. 


GENERAL  SUMMARY. 

A  summary  of  the  contents  of  this  bulletin  indicates  that  the  old 
problem  of  the  causal  connection  between  certain  solar  and  terrestrial 
phenomena  has  been  brought  one  stage  nearer  its  solution.  The  inves¬ 
tigation  was  carefully  founded  upon  the  observations  of  the  magnetic 
and  meteorological  elements,  and  it  has  been  thought  proper  not  to 
encumber  the  exposition  with  much  computation,  though  the  necessary 
working  formulae  are  collected  together  for  the  convenience  of  the 
reader.  No  hypothesis  was  presupposed  in  the  discussion  of  the  obser¬ 
vations  which  lead  to  the  residuals  obtained,  but  certain  deductions 
were  afterwards  drawn  from  them  which  seem  to  be  warranted  by  the 
facts  of  the  case.  Among  the  leading  conclusions  thus  deduced  from 
the  observations  may  be  mentioned: 

1.  The  determination  and  practical  use  of  a  period  of  the  synodical 
rotation  of  the  sun,  26,67928  days,  which  seems  to  hold  good  for  at 
least  a  half  century. 
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2.  Tbe  construction  of  a  typical  curve,  which  represents  the  relative 
intensity  of  the  normal  magnetic  field  of  the  sun  at  the  distance  of  the 
earth. 

3.  The  detection  of  this  curve  in  solar  and  terrestrial  phenomena, 
together  with  its  inversion  during  the  passage  of  the  earth  about  the 
sun. 

4.  The  statement  of  several  arguments  in  favor  of  the  direct  magnetic 
action  of  the  sun  upon  the  earth. 

5.  The  vectors  of  the  lines  of  the  solar  magnetic  field  as  distorted  by 
the  earth,  and  the  conclusion  that  the  outer  shell  of  the  earth  is  alone 
permeable  to  such  lines  of  force. 

6.  The  analysis  of  the  diurnal  variations  of  the  needle,  and  the  con¬ 
clusion  that  the  electromagnetic  field  of  the  sun  acts  like  a  uniform  mag¬ 
netic  field  upon  such  a  configuration  as  the  earth,  independent  of  the 
coronal  field,  its  axis  of  magnetization  being  at  right  angles  to  the  direc¬ 
tion  of  the  field. 

7.  The  inference  that  the  earth’s  atmosphere  is  thrown  out  of  equi¬ 
librium  by  a  uniform  heating  on  the  tropical  zones,  together  with  an 
intermittent  cooling  upon  the  polar  cap,  the  latter  being  caused  by  the 
direct  magnetic  field  of  the  sun. 

8.  An  outline  in  Bulletin  20  of  the  scheme  of  the  relation  of  these 

systems  of  force  to  the  circulation  of  the  air,  whereby  a  modification  of 
the  commonly  accepted  theory  of  cause  of  the  formation  of  cyclones  is 
suggested.  . 

9.  The  cloud  work  now  being  prosecuted  by  the  Weather  Bureau 
will  probably  afford  the  data  necessary  to  settle  this  branch  of  the 
problem. 

10.  It  is  very  desirable  that  magneticians  should  establish  some  per¬ 
manent  observatories,  especially  in  the  polar  regions  of  North  America 
and  the  northwestern  United  States,  in  order  that  these  problems  may 
be  more  efficiently  studied. 

This  bulletin  may  properly  be  concluded  with  an  estimate  of  the  prob¬ 
able  value  of  this  magnetic  polar  field  in  forecasting.  No  negative  or 
adverse  opinions  can  be  accepted  as  final  regarding  its  practical  uses, 
because  it  has  not  been  tried ;  while,  on  the  other  hand,  it  has  been  shown 
that  the  magnetic  field  is  intimately  associated  to  some  extent  with 
the  production  of  the  weather  conditions.  The  force  is  itself  extraor¬ 
dinarily  sensitive,  too  much  so  for  very  simple  operations  and  unin¬ 
structed  observers,  till  our  instruments  are  modified.  It  has  a  great 
range  of  operation  in  space  and  time,  being  in  fact  the  golden  thread 
of  continuity  running  through  the  otherwise  apparently  lawless  suc¬ 
cession  of  weather  variations.  The  mean  curve  has  a  forecasting  power 
to  the  amount,  approximately,  of  75  per  cent  in  the  Dakotas,  so  far  as 
the  broad  features  of  the  highs  and  lows  are  concerned,  and  it  is 
especially  useful  in  the  classification  of  all  meteorological  data.  It  con¬ 
tains  a  very  promising  method  of  finding  a  solution  of  the  problem  of 
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tlie  causes  of  the  marked  seasonal  changes  of  the  weather  in  the  United 
States.  Next  to  the  barometer  and  thermometer  a  magnet  is  the  most 
valuable  instrument  in  meteorological  science.  There  are  doubtless 
difficulties  to  overcome  in  order  to  reduce  the  subject  to  its  practical 
application  in  the  service  of  the  Weather  Bureau,  but  there  are  grounds 
for  hoping  that  this  can  be  done. 

The  renewed  interest  during  recent  years  in  the  subject  of  cosmical 
magnetism,  joined  to  the  great  advancement  in  the  general  knowledge 
of  electricity  and  magnetism,  warrants  the  expectation  that  mucb  prac¬ 
tical  advantage  can  be  gained  by  a  complete  understanding  of  the 
laws  of  this  department  of  natural  science. 
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